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Introductilon 

Environment  Ontario  holds  its  annual  Technology  Transfer 
Conference  to  report  and  publicize  the  progrees  made  on 
Ministry-funded  projects.   These  studies  are  carried  out  in 
Ontario  Universities  and  by  private  research  organizations 
and  companies. 

The  papers  presented  at  Technology  Transfer  Conference  1988 
are  published  in  five  volumes  of  conference  Proceedings 
corresponding  to  the  following  sessions: 

SESSION  A:  AIR  QUALITY  RESEARCH 

SESSION  B:  WATER  QUALITY  RESEARCH 

.SESSION  C:  LIQUID  AND  SOLID  WASTE  RESEARCH 

SESSION  D:  ANALYTICAL  METHODS 

SESSION  E:  ENVIRONMENTAL  ECONOMICS 

This  volume  is  comprised  of  presentations  given  during 
Session  D  of  the  conference. 

For  reference  purposes.  Indices  for  sessions  A,B,C  and  E 
may  be  found  at  the  back  of  this  volume,  listed  in  alpha- 
nuverio  order. 

For  further  information  on  any  of  the  papers,  please 
contact  either  the  authors  or  the  Research  and  Technology 
Branch  at  (IIS)  323-4574  or  323-4573. 
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KEYNOTE  PAPER  I 

Scltncg-Bas^d  Tnnov&Cion  . 

Sci«nce-&8a«d  innovation  is  critical  In  iod«y'a  global  tconomy  to  sustain 
and  «nhanc«  a  nation's  projp«rliy.  In  saaiciag  to  sunaia  and  enhance  its 
prosparlty  by  pactlcipaJlng  In  a  graving  volunt  ot  wocld  cr»d«.  large  and 
small  ccononita,  face  critical  pcablcns  oC  adapting  thair  Insiltutions, 
pollci«9  and  practices  to  a  cadicaliy  nav  anvirorunant .  Key  alanancs  of 
this  anvironmant  ace  that  vocld  trada  nov  oceuci  In  a  global  aconony  in 
vhlch  th«  incazvaa'/ing  of  sclance,  enginaarlng  and  tachnology  has  scqulctd 
the  povac  to  transfocn  tht  eomparaclva  advantaga  and  pcoaparity  of  nations. 
Vith  the  scalt,  acopa  and  oper-neis  of  the  international  enterprise  of 
scianct,  Che  ciansferabillty-  of  technologies  and  th«  nobility  of  capital, 
sclenct-based  Innovation  has  becose  a  driving  force  foe  the  technological 
and  corporate  change  that  creates  nav  tradeable  goods  and  aacvlcas-  Thasa 
conditions  are  radieally  different   tron  those  of   the  Industrial  Ravolatlon. 

In  a  jnodern  aconcny  the  sector  vhlch  produces  tradaabla  goods  and  services 
supported  by  tha  first  service  sac  cor  of  financial,  legal,  energy, 
transportation,  communication  systaas,  etc..  generates  the  IncoRa  that 
enables  a  country  ^<^  Invest  In  the  second  service  sector  of  education, 
health  cace  and  other  personal  and  social  benefits.  (Figure  1).  In  soisa 
countries  financial  Institutions  have  been  operating  in  a  nar.nar  that 
hampers   the  developments  in   tha   tradaable  goods  and  services  sector. 

To  participate  In  tha  global  aconony  driven  by  iclencs-basad  innovation  it 
la  eisantial  that,  on  a  national  or  regional  balls,  the  pyranld  of  research 
capacity  (In  terns  of  knowledge  flov)  that  liads  to  tradeable  products  and 
services  has  integrity,  that  Is,  that  there  be  a  reasonable  balance  o£ 
capacity  throughout   the  pyramid.    (Figure  2). 

Increasingly  science-based  Innovation  requires  a  strong  long-tern  applied 
research  capacity,  particularly  in  relation  to  emerging  generic  technolo- 
gies, that  is  Indus  try. based  and  controlled.  This  capacity  has  to  be 
linked  to  a  high  quality  fursda;nental  research  base  and  a  strong  ntarket 
focused  devalopmanc   capability. 

Large  and  snail  countries  in  different  stages  of  davelopnent  faces  problesa 
ini 

1)     achieving  structural   Integrity  necessary  for  science-based 
Innovation  suitable  for  their  Halted  resources  of  people  a.id 
money,   and 

il)  using   their  limited  resources  effectively. 
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Flipire  l!     A  Simple  Wed*l  o^   tha  Econoay 

In  today's  glob.l  economy  it  is  inpott*nt  to  understand  'J"  "'^-'""^JP 
b#tv«n  innovation  in  th.  production  oi  u.d.able  «'^'"*%""2^,""^"^  JjJ 
the  g«n«.Cion  of  lncom«.  A  sl^pl.  model  in  terms  o£  'bating  th.l^ey 
issu«  ia  given  In  Figure  1.  This  nodel  segaents  the  economy  into  three 
blocks  labeled  (A)  Tradt.ble  Goods  and  Services.  (B)  Service  Sector  I  and 
(C)  Service  Sector  11-  The  major  source  of  income  vhich  sustains  out 
standard  o£  living  comes  from  sector  (A)  Tradeable  Goods  and  Services. 
Canada's  current  standard  of  living  requires  very  substantial  volumes  ol 
trade  Into  world  matltets.  In  the  globally  competitive  market  o£  today  « 
nation  must  be  concerned  vith  maintaining  and  enhancing  the  environment  It 
creates  for  business  and  Industry  that  can  innovate  in  the  production  of 
tradeable  good*  and  services.  To  function  effectively,  such  enterprises 
require  a  high  quality  eervice  sector,  namely  (B)  Service  Sector  I, 
coBorising  such  services  as  finance,  legal,  energy.  construction, 
communications,  transportation,  distribution.  It  is  the  combination  of 
this  business  service  sector  {vhlch  produces  some  tradeable  services)  end 
the  sector  directly  producing  tradeable  goods  and  services  vhich  generate 
the  primary  income  of  a  region. 

It  is  the  income  generated  by  the  foregoing  activities  whUh  allavs  Che 
expansion  of  CC)  Service  Sector  11  that  is  concerned  vith  personal  and 
social       services.       The     social     service     sector       includes     health     care. 


Our 


education,     comaunity  services,   leisure     and  recreational  activities 
capacity     to  sustain  and   laptove   Che  services     and  opportunities  depends  on 
Che  caoaclty  of   sectors   (A)  and   (5)   to  generate   the  necessary  income. 
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Flyire  2 

RMStrch  *8  M  element  releied  to  the  overall  process  of  Jn^^^J^l^"'  ""  \l 
brolcen  dovn  Into  three  primary  components  that  Bust  be  linked  together  to 
be  «f£ectlv«: 

1.  n-.t.  or  funda^Bental  reae»cch  vhich  is  wiually  charectecized  by  ih« 
rtsearthers'  primary  objectiva  being  the  generation  of  nev  Icnoviedge 
and  understanding  about  aan  and  the  vocld  around  us.  This  research  is 
long-tera  (usually  on  a  ti«a-s=aU  of  10  years  ot  .ore  ,  end  J"  »  nj*; 
level  of  uncertainty  in  terw  o£  what  the  results  viU  be.  In  Vestern 
culture,  basic  research  is  primarily  university-based  and  seldom 
results  in  knovledge  that  is  of  ioiiediate  "■""•"^'^./"Ji;^- ,.  J^* 
Itnovledge  gained  from  such  research  is  rapidly  and  videly  dis  ribu«d 
to  scientists  throughout  the  vorld  through  publication  in  acienti.ic 
Journals.  Because  the  results  Iron  this  research  are,  or  tii"*  ««"• 
ionsidered  a  public  good,  this  type  o£  research  has  J*"  f ^J" "^ 
prlaarily  by  the  public  sector  and  private  benefactors.  Increasing.y. 
hovever.  vhen  Icnovledge  contributed  by  basic  research  is  crit  cal  for 
nev  product  developneftl ,  industries  are  becoamg  involved  in  bas-c 
research   (OECD,   1987). 


2  Aopli.d  r»M»rchi  In  Mat  countries.  .ppU.d  rM«rch  is  wlnly 
carritd  out  in  Industrial  or  gov^caBKit  l.iwp.tairio.  hut  in  soni 
counirlts,  th.rt  is  substantl.l  tinlv.csity  tnvolvM.nt  «i:ti  "sp*^.:  to 
lonatr  tBM  casorch,  partlculstly  in  ichools  of  •minMrlnj,  BtdiciM 
tnd  a*najem«nt.     Applitd  CMwrch  hts  «  strategic   tai:j«c  and  atteapts: 

to  Miend   tht  3cop«  ot  undarstanding  of  materials  and 
procaiscs, 

to  d«t«rBin«  tiow  cht  tccunulatad  fcnovl-dge  «:=o  basic 

r«i«*rcit,   extand  vh«r«  atcessacy  by  focused  specialized 

rasaacch,   can  bt  uaad   to  develop  a  pocencial  nev  product 
or  sarvlces,   or 

to  daterain*  how  to  aodlfy  and  Inprova  tha  perforaianca 
of  axlsting  produces  or  services   to  sustain   their 
■erk-atablUty. 

Applied  research  vhlch  is  mediujii  to  long-tern  Con  a  tine  scale  of  three 
to  ten  years),  also  has  a  significant  level  of  uncattaincy,  but  because 
It  is  targeted,  there  la  a  probability  thai  there  will  be  economic 
benefit.  The  neans  for  the  financing  of  this  research  v»ry.  In  some 
sectors  such  as  the  pharmaceutical  and  chenlcal  fields,  tha  research  Is 
largely  funded  by  tha  private  sector  ptimarily  through  the  benefits 
froo  patent  protection,  whereas  in  fields  such  as  aircraft  and 
electronics,  there  has  been  a  mixture  of  public  and  private  financing. 
In  soaie  cases  a  monopoly  position  (e.g.  ATST  and  Bell  Laboratories)  has 
encouraged  the  funding  of  longer-tern  applied  research,  but  there  are 
fev  examples  of  the  private  sector  being  able  to  finance  longer  t«ra 
applied  research  wholly  from  its  ovn  resources  unless  there  is 
effective  patent   protection  or  the  business  has  a  nonopoly  position. 

It  la  coBjBon  in  sone  sectors  to  associate  the  processes  of  engineering 
design  and  development  of  a  product  or  service  as  discussed  above,  with 
the  term  development  or  developmental  research. 

3.      Developmental  research  is  research    chati 

-  Bakes  use  of   the  fruits  of  applied  research  specif ically  to 
create  a  nev  marltetable  product  oc  service,   or 

-  Improves,    through  a  series  of  small  steps  of  innov&tion  based  on 
state-of-the-art  Itnovledge,   an  already  existing  product  or 
service,   or 

-  enhances   the  ease  of  production  of  a  product  or   the  provision  of 
a  service. 

This  type  of  research  has  the  leas:  uncertainty.  Is  carried  out  on  s 
time  scale  of  less  than  three  years,  and  has  the  highest  probability  of 
economic  benefit.  Oevclopaental  research  is  mainly  financed  by  the 
private  sector,  although  there  are  exceptions  in  uhich  there  has  been 
iubatancial  public  financing. 


Th«  Eorejaing;  catejoriM  of  rasaarzh  can  ba  cipresenrad  by  th«  pyramids 
ahovn  In  Pigur«  2.  At  th«  ntvrov  p«aic  of  each  pycaaid  Is  a  produc:  or 
s«r-/lc«,  a  specific  arilfact  of  technology  designed  to  perfam  a  particular 
(unctloQ  In  a  aarka!.  From  its  paait  each  pyramid  expands  through  t^.e  thcte 
prliar/  categociei  of  researth  to  a  hcoad  bass  in  basic  rasaarth.  Th« 
category  "applied  researsii"  has  been  sagtnented  into  tvo  sllc«s  labeled 
coBpetitivt  (short-ttrm  applied)  and  pra-coiapetiti-'a  (loag-tera  applltd! . 
Competitive  applied  resear-h  ia  that  vhlch  has  direct  pcoprlatary  value  to 
the  business.  Pre-coapeci tlve  applied  research  is  tha:  vhlch  is  generally 
useful  In  sectors  of  industry  (This  resaaich  is  o£:en  eoncecned  vich  vhat 
can  ba  called  ganeric  technology).  The  relative  width  oi  each  slice  across 
the  pyramid  suggests  the  range  of  generality  of  the  Juiovledge  associated 
vith  it.  The  overlapping  of  parts  of  the  pyramids  indicates  that  as  ona 
reaches  towards  the  scientific  roots  pertinent  to  the  development  of  a 
particular  product,  the  knovladge  base  becomes  relevant  to  a  range  of 
products-  Indeed,  the  essence  of  basic  science  is  that  it  satks  foe  gantral 
principles  of  understanding  vithin  particular  circumstances  of  study, 
vhereaa  engineering,  through  the  technology  it  creates,  seeks  to  reallie  a 
particular  operational  function  in  a  market  vithin  the  domain  of 
possibilities  bounded  by  science. 

Science-based  innovation  then  is  innovation  In  vhlch  the  realization  Of  an 
effective  and  carapetltive  product  or  service  utililts,  through  the  focusing 
processes  of  the  pyraaild  of  research,  the  full  range  of  scientific  and 
engineering  understanding  pertinent  to  the  function  of  the  product  or 
service  in   the  marketplace. 

The  classification  o£  levels  of  research  in  the  research  pyramid  of  Figyre  2 
is  based  on  the  diverse  literature  on  innovation.  Its  periinance  for  older, 
large-scale,  scltnce-based  industries  is  clear.  Eovevar,  t  ksy  point  today 
ia  that  the  research  pyramid  is  relevant  to  all  industry  participating  in 
the  global  economy  of  science-based  innovation. 


Copies  of  "INNOVATIOH  AHD  CANADA'S  PUCSPERITY:  THE  TRANSFOMING  POVSR  OF 
SCIENCE,  ENGINEERING  AND  TECHNOLOGY"  may  be  obtained  by  filling  out  the 
attached  form. 
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As  difficult  as  research  can  be,  it  is  still  more 
difficult  to  apply  it  swiftly  for  economic  or  social  benefit. 
In  addition  to  the  usual  obstacles  to  technology  transfer, 
environmental  research  faces  additional  ones  of  a  political 
nature.   It  behooves  us  to  know  a  great  deal  more  about  how 
research  is  transformed  into  practical  benefits  and  how 
environmental  research  in  particular  can  be  more  rapidly 
applied.  The  improvement  of  the  environment  is  an  area 
where,  with  appropriate  policies,  economic  and  social 
benefits  occur  simultaneously. 

In  supporting  research  activities,  wo  cannot  take 
for  granted  that  application  will  naturally  follow  any 
improvement  in  knowledge.  More  attention  needs  to  be  paid  to 
the  incentive  structures  of  research  organizations,  the 
relationship  to  our  industrial  sector,  and  the  interaction 
with  political  decision-making.   By  acting  now  in  some 
specific  areas,  we  can  help  guarantee  that  today's  research 
will  produce  timely  and  tangible  results. 


SESSION  D 

ANALYTICAL  METHODS 
Oral  Presentations 


ENVIRONMENT  ONTARIO  PAPER 

ANALYTICAL  METHODS  DEVELOPKENT  RESEARCH 

Ray  Clement 

Laboratory  Services  Branch 

Environment  Ontario 

Virtually  every  aspect  of  environmental  research  requires 

sample  analysis.   Sound  methodologies  are  required  tor  studies  oE 
a  wide  range  of  organic  and  inorganic  contaminants  of  drinking  and 
surface  waters,  groundwater,  landfill  leachates,  ambient  air, 
stack  emissions,  hazardous  wastes,  sewage  and  pulp  and  paper 
sludges,  and  biological  systems,   in  addition  to  developing  new 
methods  for  performing  qualitative  and  quantitative  determinations 
at  trace  levels  in  complex  matrices,  there  is  a  consteint  need  to 
improve  existing  methods  to  allow  tor  analysis  of  more  samples, 
better  and  faster.   Specific  research  needs  cover  the  gamut  of 
analysis  steps  from  saunpling  to  .analyte  identification, 
quantification,  and  data  interpretation. 

Research  is  needed  In  the  analytical  area  to  determine  the 
effect  of  sampling  protocols  on  analytical  data,  especially  tor 
microbiological  parameters.   Field  methods  for  pre-concentration 
of  viruses  and  integrative  biological  tests  to  identify  problem 
areas  in  air.  soil  and  water  are  required.   Rugged  field 
collection  methods  for  large-volume  aqueous  samples  are  needed 
using  sorbent  cartridges  or  other  means.   Associated  sample 
preservation,  shipping  and  storage  protocols  to  ensure  analyte 
stability  are  equally  important.   Techniques  for  odorous  compounds 
in  water  and  air  and  non-open  collection  methods  to  avoid 
atmospheric  contamination  or  degassing  of  groundwaters/landfill 
leachates  are  of  special  importance.   A  validated,  tiered  testing 
protocol  for  groundwater  contaminants  is  also  required,  in 
addition  to  improved  methods  for  semi-volatile  organics  and  trace 
metals  in  ambient  air.   Cannister  sampling  methods,  plume 
dispersion  models  and  improved  prediction  of  precipitation  events 
are  all  required  to  improve  air  and  atmospheric  deposition 
studies. 

Samples  often  must  be  sub-aliquoted  for  analysis  of  multiple 
analytes  and  round-robin  investigations.   Effects  of  grinding, 
slicing,  blending  and  other  mixing  and  homogenization  procedures 
on  sample  integrity  need  to  be  performed.   Determination  of 
analyte  losses  and  the  potential  for  artifact  Introduction  and 
sample  cross-contamination  are  especially  Important.   Procedures 
to  ensure  the  homogeneity  of  aqueous  samples  containing  suspended 
particulates  during  sub-aliquoting  also  require  investigation. 
Laboratory  protocols  for  recovery  and  enumeration  of  pathogenic 
organisms  need  to  be  developed. 

An  ongoing  need  Is  to  improve  methods  for  the  unambiguous 
identification  of  a  broad  range  of  organics  in  complex  samples 
such  as  pulp  and  paper  and  sewage  sludges.  Methods  to  be 
investigated  include  advanced  GC-MS  techniques.  FTIR,  computer 
library  matching,  and  other  chemometrics  techniques.   Isolation 
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and  concentracion  methods  to  obtain  large  quantities  of 
unidenCified  analytes  are  required  to  employ  other  spectroscopic 
techniques  such  as  NMR.   Improved  chromatographic  separation  and 
HPLC  fractionation  techniques  to  simplify  complex  organic  mixtures 
prior  Co  mass  spectrometry  detection  are  also  needed.   Rapid 
screening  methods  for  trace  mecala  in  aqueous  samples  by  using 
ICP-HS,  GC-mlcrowave  plasma  emission,  or  biological  on-line 
monitoring  are  aleo  of  interest. 

Microbiological  identification  enhancements  are  required  for 
E.  Coll  and  group  D.  enterococci  in  water  and  sediments,  as  well 
as  modification  of  such  methods  for  the  detection  of  other 
pathogens  such  as  Salmonella  and  Compylobacteria.   Similar  methods 
to  identify  genotoxic  compounds  or  conditions  in  the  environment 
are  needed.   An  ongoing  problem  is  now  to  relate  carcinogenicity 
and  genotoxicity  test  responses  to  human  health  effects. 

Improved  quantification  of  target  analytes  is  an  ongoing 
research  need.   Development  ot  novel  GC  detectors  or  improving  the 
selectivity  of  conventional  detectors  is  one  approach  to  be 
considered.   Development  of  improved  cleanup  techniques  to  isolate 
chemicals  of  concern  also  needs  to  be  studied,   the  unambiguous 
determination  of  ail  2, 3, 7 . 8-substituted  dioxin/furan  congeners  is 
of  special  interest.   To  Improve  the  quantitative  analysis  of 
selected  target  analytes  in  specific  matrices,  research  is  needed 
to  develop  validated  analytical  standards  and  SRMs. 

For  all  of  the  preceeding  studies  improvement  of  sample 
throughput  and  the  analytical  precision  and  accuracy  are  desired. 
Approaches  include  chemometric  techniques  for  data  analysis 
including  development  of  expert  systems  for  data  analysis,  QA/QC, 
and  troubleshooting  analytical  Instruments.   Other  enhancements 
can  be  obtained  through  the  use  of  robotics  and  development  of  new 
sample  preparation  methods  more  suited  to  automation.   One  area  of 
special  interest  is  the  extraction/concentration  of  samples  using 
supercritical  fluids. 

In  addition  to  all  of  the  above,  some  critical  Ministry 
programs  have  special  requirements.   Of  particular  Importance  are 
laboratory  techniques  to  assess  the  leaching  potential  of  specific 
wastes  for  hazardous  waste  classification.   Methods  for  complex 
industrial  effluents  for  the  MISA  program  are  also  important, 
specific  research  is  required  to  evaluate  interferences  for  the 
determination  of  inorganics  in  MISA  effluents,  to  develop  improved 
analyte  detectability  by  matrix  modification,  and  to  improve  and 
validate  methods  for  quantifying  volaClles  associated  with  liquid 
and  solid  fractions  of  sludges.  Special  problems  have  been 
encountered  with  the  complex  samples  derived  from  pulp  and  paper 
industries,  for  which  research  Is  needed  for  sediment  and  biota 
tissue  analysis  of  resin  and  fatty  acids  and  speciated  phenols. 
In  addition,  methods  for  flowthrough  field  analysis  of  pulp  and 
paper  effluents  to  determine  Che  impact  of  mill  discharges  are 
required.   Research  is  also  needed  to  develop  methods  for  Che 
source  tracking  of  pollutants  in  air  and  water.   Chemometric 
methods  are  needed  to  compare  organic/inorganic  analyte  profiles 
to  Identify  generic  sample  types,  to  identify  specific  sources  of 
such  groups  of  compounds  as  PCBs.  dloxin/furans  and  toxaphene  by 
studying  their  congener/isomer  patterns,  and  by  studying  isotope 
ratios  of  elemenCs  such  as  lead. 
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ADVANCES  IN  THE  IDENTIFICATION 
AND  ANALYSIS  OF  ORGANIC  POLLUTANTS  IN  WATER 

R.  0,  Kagel  j.  e.  Norris 

Dow  Chemical  U.S.A.  BMC  Converse 

In  the  early  1970 's  the  interface  between  the  regulatory  and 
analytical  communities  can  be  best  described  as  chaotic.   The 
field  was  dominated  as  much  by  lawyers  as  it  was  by  scientists. 
The  limit  of  detection  and  the  regulatory  limit  were  often 
confused  and  fuzzy.   In  the  lawyer's  world  below  the  regulatory 
limit  one  was  in  compliance;  above  the  limit  one  was  in 
violation.   The  limit  itself  was  infinitesimal  in  thickness. 
Conformance  or  non-conformance  was  limited  only  by  the  number 
of  figures  your  computer  printed  out.   The  laws  of  probability 
were  repealed  insofar  as  recognizing  that  legitimate  scientific 
factors  introduce  uncertainties  into  measurements.   Instead  all 
uncertainty  was  assigned  to  human  error.   This  made  laws  easy  to 
write  and  comprehend  but  scientifically  untenable  to  enforce. 

The  American  Chemical  Society  took  a  positive  step  in  the  late 
1970's  towards  introducing  some  order  to  the  field  of  issuing 
"Guidelines  for  Data  Acquisition  and  Data  Quality  Evaluation  in 
Environmental  Chemistry"  which  defined  limits  of  detection  and 
limits  of  quantification.   These  guidelines  were  followed  shortly 
by  the  Environmental  Protection  Agency's  Method  Detection  Limits 
(MDL's).   EPA's  October  1984  promulgation  of  its  Clean  Water 
Act  40  CFR  1J6  Analytical  Methods  for  Priority  Pollutants 
incorporated  the  concept  of  Method  Detection  Limits.   Since  these 
analytical  methods  formed  the  nucleus  for  the  SW-B46  methods  to 
be  used  by  EPA's  Office  of  Solid  Waste  (RCRA/CERCLA) ,  the  MDL 
concept  entered  this  regulatory  scheme  also.   Finally,  EPA  has 
defined  a  concept  of  Practical  Quantitation  Level  (PQL)  for  use 
with  the  so-called  SOO-series  methods  prescribed  under  Safe 
Drinking  Water  Act. 

These  various  measurements  of  method  performance,  their  realistic 
limitations  and  the  role  of  statistical  uncertainties  in  PPB  and 
PPT  analyses  will  be  discussed  in  this  paper. 
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m>flPIAIinN  GF  WATER  fHEHUNCENTHAT  IDN  TECHNI QLIES  DEVEl  OPED  FDR 
prOD  ANALYSIS  TD  OTHER  TARGET  OHGANlt:  POLLUrANrS.  E.  DoHdall*. 
Q.R.  HDllebono,  L.B.  Brn«nlep,  C .  Bhpwchuk .  Car  1 eton  Uni vei^ i ty , 
Uttawa,  Qntaiio,  KIS  :jB6 


1  otradUEiian 

The  a.u.lyiis.  uf  «ater  tor  aii)v.nic  pollutj..t-.  .  nvQ  I  vtrs 
p,einnrL.ntrdtioM.  i^ulatiur,  and  detect. an  ^tf-ps  Mh>ch  mu-it  he 
tc.n.<l,„..lfrt  to  product,  ^..c^ptabl^  d^teLt.vity  and  ^.ensit.vitv  >  " 
,el.-vdt.t  co.«ientration  ranges.  In  th.o  project,  the  development 
„f  d  p,  econcentratiDn  apparatus,  des.gr.ed  for  isolation  of 
d..>-in^,  .-.  being  extended  to  .1  "ider  range  of  ..hlor.nated 
l,yd.o<.»rhon^,    and    p^^tUideo    .n    ..atural     and        treated    «..tero.  The 

mn.'.fication^  to  thr  sample.  art.  oiinor,  requiring  only  the 
npt.mx^alion  nf  filtration  .yiind.-r'.  and  ad..arpt.on  med.a.  The 
,._olal.on  =.tt>p'.,  howevo,  .  require  tansidurable  development  beyond 
t',..    labo.  lou^    a.«d   highly    specialw<^d   procedures   dt-veloped    fo.     the 

ij  ti)x  tna. 

rhP.t?  .t-e  two  m.ijor  .1.  ea-.  Mtuch  rt-qu.r^  3ttention.  Fw^t. 
M,..  ,-,olatinn  proi  .'du.  e^.  u^ed  fo.  rtiux.n^  ma^.t  be  alt...ed  bera..«0 
llu.y  were  d.-5.gnod  to  .  emove  many  of  the  elutedor  i-trattt-d 
o.qanir  pollutants,  from  detc-ct.on  which  are  now  of  intero^t. 
S.H-Ondly.  the  GC/mi  .lt*teLtion  piocedur<-=  u^ed  1..r  dioxm-,  mu-^l 
r.OH    bt.-    broadened     to    obser  vt.-    the       ™.u  h     U.rger       numb.>r     of    .umpound-, 

of     inteif^t, 

rhr    develnpm.-nt^    a^^o^.aled    with    ..d..pt.Uion    r,f     thP    automatic 
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prectincentration  and  traditional  or  supercritical  isolation  of 
compounds  for  detection  are  the  subjects  of  the  present  research. 
The  problems  of  broadening  detection  capabilities  of  GC/MB 
library  identification  routines  require  further  attention  and  are 
beyond    the   scope   of    this   paper . 


Extier  iment al    Desi an 

Since  thp  project  is  in  its  early  stages,  ttie  eKpenmental 
work  is  still  in  piogress.  Two  directions  of  research  are  being 
undi?r  taken. 

(l>      Construction   of   Preconcentrat ion   Sampler 

The  sampler  is  an  improved  version  o(  one  developed  for 
diuxin  preconcwntrat  ion  vthith  is  i.urrently  under  test  by  the 
Ministry  of  tnvironment.  A  schematic  of  watur  flow  thi  ough  tht? 
sampler        is       i  I  lust.  ,itc?d        in       figure       1.  TI.b    overall     design    and 

placemf-nt    of    component*,     t:    Uiown     in    figures    P    and    3. 

The  system  is  designed  to  piovide  two  identical  filtered  and 
adsorbed  -sample-i  of  known  volume-i  from  a  single  source,  without 
the     introduction       of    external        cQnl.imi  nat  ion.  fl    water    reservoir 

isolate*,  the  sampling  unit  from  the  water  source  by  providing  a 
physical    break     in       the       water        flow.  This       sealed       vessel    only 

permits  water  flow  in  one  direction  through  .in  electronically 
operated     input    valve.  Ihe     internal        air    pressure       is    controlled 
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through   electronically   operated   valves,   and  extraneous  air  \% 
exchanged  through  a  charcoal  filter. 

The  Mater  is  puii¥>ed  past  an  optional  injection  port  for 
controlled  input  of  standard  solutions,  then  into  a  helical 
mixing  tube,  and  split  into  tHti  ^^mpllnq  streams.  These  two 
streams  pa^s  ttirouqh  one  or  more  removable  f  i  I  ter  ctiambers ,  a« 
required,  which  contain  tubular  filters  optimised  for  th» 
particular  water  source.  Each  stream  passes  through  a  graphite 
gear  pump  and  is  brought  to  an  operating  pressui e  of  about  PO 
psi .  The  streams  then  pass  through  visual  flow  meters  and 
pressure  gauges,  and  then  to  air  release  valves  which  permit  the 
exclusion  of  air  bubbles.  This  deaerated  water  is  then  pumped 
through  removable  XflD-e  resin  adsorption  columns.  The  two 
streams  are  recomfaint?d  and  pass  through  an  electronic  flaw  sensor 
which  sends  a  signal  to  a  digital  flow  meter  to  record  the  total 
flow  rate.  It  is  then  PHhausted  through  a  final  charcoal  filter. 
The  filters  and  columns  are  prepared  in  the  laboratory  and 
can  be  installed  in  the  sampler  at  tlie  field  site.  Prior  to  each 
run,  the  total  desired  sample  volume  is  established  using  a  batch 
controller.  The  water  system  is  first  purged  with  source  water, 
bypassing  the  1 i 1 twr  and  columns,  and  is  then  switched  to 
sampling  modi-  to  be  put  ur>der  (ontrol  of  the  batch  computer.  The 
now  rates  are  equalized  manually  by  adjustment  of  the  pump  speed 
controls  until  the  individual  flow  meters  read  identical  values 
and  the  digital  flow  meter  reads  the  desired  total  flow  rate. 
Thf-  batch  controller  integratus  the   total   volume   and   wht-n  the 
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preset  value  is  achieved  the  system  shuts  off  automat ical ly - 
Automatic  shutdown  also  occurs  if  pressure  in  the  sampler  exceeds 
50  psi  or  falls  beloN  3  psi ,  or  if  the  housing  to  the  filter  or 
adsorption  system  is  opened. 

When  sampling  is  completed,  a  recording  of  the  flo.*  rate 
throughout  the  run  is  obtained  from  a  chart  recorder.  The 
filters  and  adsorption  columns,  which  are  isolated  t-ith  self 
contained  valves,  are  removed  from  the  apparatus  fo. 
transportation  to  the  analytic.^)  laboratory. 

The  entire  apparatus  is  hous«d  in  a  self  seal  ir»g  case  with 
the  dimensions  1  .S  m  high  k  0.5  m  wide  «  0.5  m  deep,  and  weighir.g 
73  kg.  It  is  mounted  on  self  contained  (wheels  so  it  can  he 
transporttJd  manually  from  site  to  site.  Apart  from  the  net  essai  y 
connection  to  the  water  source  and  instal lation  of  filter 
chambers  and  adsorption  columns,  all  functions  are  electronically 
controlled  to  t-liminatp  dependence  on  manual  operation. 


(B)   Sample  Isolation 

Sam^jles  re.-eived  in  filtration  chambers  snd  adsorption 
columns  must  he  eluted  and  treated  in  the  l^bo.  atory  to  i-iolatP 
the  tompuumts  of  mletest.  The  two  basic  approaches  to  the 
processing  of  th^se  samples  are  th^  traditional  extraction  with 
organic  solvents  a.«l  the  «ore  recent   method  of   extraction  using 

•upercrlkical  fluids. 

The  organic  solvent  method  lequires  the  ust?  of  a  volatile 
solvent  to  product-  .1   solution   of   soluble   organic  contaminants 
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frpm  the  water  sample.  This  normally  includes  «  do«ninant 
fraction  of  humic  and  fulvic  acid^,  or  even  chlorinated  versions 
of  the^e,  from  treated  waters.  If  ultratrace  levels  (parts  per 
quadriUinn)  of  the  target  analytes  are  tn  be  analv7ed,  the  humic 
at  1.15  must  he  removed.  A  cammon  «ay  to  achii-^ve  thiii  is  by 
oxidation  Hith  concentrated  sulphuric  acid  at  mom  temperature' . 
Fractionation  (.an  then  be  undertaken  by  passing  the  solution 
through  a  series  of  adsorbing  columns.  These  eluants  are  then 
evaporated  for  final  GC/MS  detect  ion. 

It  is  recognized  that  this  method  i o  complex  and  possibly 
inaccurate.  The  acid  oxidation  treatment  is  capable  of 
de-it,  oyinq  compound-  of  mte.  est  while  removing  the  humic 
fraction.  The  subsequent  fractionation  techniques  can  have  low 
elution  recoveries  as  has  been  observed  in  research  on  the 
HCtachlotc,diben7o-p  dioxin  congener.  Thus,  large  recovery 
correction  tartor'i  are  common  in  analytical  data. 

n  further  drawbark  is  the  compU'xity  of  autom.ition  «hirh 
might  he  attempted  in  order  to  .wo  i  ■)  manual  labour,  time  and 
PX|.<-n-i.e.  The  number  of  steps  and  reagents  makes  automation  very 
difficult  tn  control.  The  corro^ivr-  or  solub. lining  nature  of 
the  rt-agents  requires  an  expensive  apparatus  which  may  be  subject 

to  de<  ^Y  ■ 

fi      hl.jhly          viable         alternative          is  the         extraction      try 

supercritical        fluids,          deve  I  op.-d       m          the  food       and       chemiral 

process.. ng       industries.             Essentially.        the  samples          m       the .  r 

ihambpr-,         may        be        dried         under      vacuum  and       then      extracted 
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automatically  under  pressure  by  liquid  CO.  at  roowi  teNnpwratur*-  on 
a  single  pressure  system"  (see  figure  *t )  . 

Aside  from  reducing  opportunities  for  contamination  and 
greatly  t.  impl i f y ing  sample  handling,  the  process  also  eliminates 
many  of  the  chemical  isolation  steps.  This  is  because  liquid  CO, 
is  capable  of  SKtracting  small  hydrophoQic  molecules  rrom  XAD-^ 
with  95)4  recovery  at  room  temperature  and  operating  under  n 
pressure  of  2000  psi,  without  solubilizinq  the  polymeric  hu«ic 
acids-  After  flashing  off  liquid  CO.,  the  sa*»pl^  '«>  delivered  as 
a  solid  deposit  of  the  compounds  of  interest  only.  The  oxidation 
step  is  unnecessary  and  the  only  question  remaining  is  the  numbi?" 
of  fractionation  steps  required  to  permit  GC/HS  detection  and 
ident ification. 

In  the  pf  R'.ent  apparatus,  tht-  ail^orption  columns  are  capable 
of  dirtTt  attachment  to  the  pressure  line.  The  filter  chambers, 
howRvei  ,  cannol  sustain  the  pte^surc-.  They  will  b*'  installed  in 
high  pressure  chambers  and  held  in  place  by  a  hydraulic  -am.  The 
filter  chamber  will  then  be  picssuriied  simultaneously  outsidf 
and  inside,  the  inside  stream  np.^f.ating  as  the  elution  system. 
As  a  result,  both  types  of  chamber  can  be  extracted  within  10  to 
15  minutes,  produi  i ng  dried  samples  ready  for  dissolution  vn  any 
Chosen  solvent,  folluwcd  either  by  direct  RC/HS  injection  or 
f t ar t lonat ion  prior  to  injection. 
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INTRODUCTinN 

rhP       111  t  imate       goal       af       the       toKirology  di  sip  line       is       to 

identify,  define  and  respond  to  the  health  risks  of  chemical 
agents.  The  advent  of  chemicals  in  the  environment  i^  relatively 
recent,  beg  i  nn  i  nq  with  the  i  ndu«itr  i  a  1  i  ^at  i  on  of  Fiirope-  Sinre 
the  second  world  war  the  relea-ie  of  rhemiral^i  h,»s  intreased 
.ilai  minijly,  the  benefit;,  of  the^.e  [ht-mical S  in  short-term  growth, 
mediral  advani  entente  and  control  of  the  environment  through 
pestiLides  and  fi^rtiliiers  overshadowing  any  long  term  neg.itive 
i?f  f  er  ts.  Only  in  the  last  2^  years  have  government  jgenc  les  been 
lorced  to  acknowledge  the  harinful  effei  ts  of  many  industrial 
I hcmicals.  The  otnjs  has  been  on  these  agencies  to  accumulate  the 
data    necessary    to    control     the    chemical     industry. 

Governmi-nt  re-souices,  m  both  manpower  and  money  have  gone 
into  environmentdl  monitoring  and  health  assessment  studies  in 
or  (lei  ti>  define  the  risk  of  (hemiials  already  in  the  environment. 
iJ'.ini]  Lhi'.  kiiijwiedqe,  effectivi-  I  ecj  i  ■.  lat  i  on  to  tiinlrul  future 
ch>>mital  rplea'e  into  the  environment  has  begun  only  in  the  last 
decade.        Mui  h    wm  k     is     left     to    tie    done. 

The    health    i  isk    of    a    theminal     i  ati    be    defined    as    follows: 

TtllAl     RISK     -    sun    OF    ML    EXPOEillUFS    X    SUM    IF    ALL    HA7AHDS       (i) 

in  Hhiih,  l;><po',ucp  ha-,  the  units,  Do'-.e  and  H.i^dr  rt  hss  thn  units, 
Rc'ipon-^.e/Dosp.        Inserting    these    units     into    the    equation; 

FtrsK  -  nosF   X  rfsphnsf    /   dobf       di) 

wfurh  has  the  rtinien-.inn  of  a  X  r  hange  in  behaviour.  This  \-y  a 
very  broad  eqii.ttion  when  ron'.idered  in  terms  of  the  total 
environment .  The      Tox  iroloij  ist      must      sift       through      .il  I       the 

v.ii  lablGS  of  this  equation  to  identify  the  key  eKpi.sui  e  and 
ri".iil  ting    ha^atd     to    deter  mi  ne    the    ul  t  ima  te    r  isk     In    man. 

E  upo'.iir  e  1 

rhemiirals  am  leleased  into  the  environment  by  three  rnute*i; 
hy  air  through  waste  emi^'^ion;  on  land  l.hi  ouyh  .:ippl  mat  ion  j  and 
into       water       via       effluent       w.i-itf.  Pinch       iif        the       an      and     lantJ 

pollution  Mill  prei- ipit.Tite  or  leach  into  the  watei  system.  From 
these  primary  loutes,  pollutant',  move  into  the  human  fond  -jiitip  I  y 
through    meat,     produce       and       drinking       water,  Dttant  i  f  icat  ion    of 

exposure     is    an    analytit:al    problem.       Routine    monitoring    studies    of 


29 


ait,  l.jnd  and  water  idftitify  problem  arcra^  am)  pinpoint  aouf  ce« 
of    patluLiDO.  Resi  due       !i,  tudi  es    nf       plants    tind    dnimals    rtptemtine 

trie    eftE?rt     these    chemicals    have    on       the    food       chjin.  The'^e    data 

are    u^>ed     to    predii  t     th**    rhnmii  al     t-xpoiure    of    man. 

ft  gre.it  dfal  ot  re"jeart:h  into  the  me.isurement  of  eKpn'iur  e 
ha5    been    done.  Many       icsearch       groups        locluriinq       our       own    are 

fXT  €"^fnt  inq  "^tdtt>  of  the  ar  t "  methndo  loqjp-.  .it  thi-v  ranf  et  ettce 
that  will  aid  laward  better  underr.tandiiiq  of  (.hfHnmal  exposure  in 
C.inad.i.  Bette-i      analytiral        .»nd    monitoring     techniques    will     allow 

br.'t  ter  idt-nt  i  fication  of  popiilat  ian«  that  dre  "at  r  isk"  ■from 
env  1  roimientd  I     cxpar.iir  e, 

HA7ar  d; 

Iwn       f  und.imcntii  I  prtih  lomfi       of  Ut'jk       n»i -.e «.•">««=•  n t       .ar  e       the 

drtpriTiin-ition  of  at  what  levplr.  of  environmental  »Kpn«ure  a 
(hemi(-.il  beromt>'>  a  ti^fc  and  what  thr>  >  nn^cqiit-rKe^  of  thai  ri^k 
.am.        Ihi-i    enf  ompa-.^.e-:.    the    ha;ai  d    part    of     the    ri^k    egu.ition. 

the  1 1  .tdi  I  lonal  <tppriiai:  h  to  deter  mi  mug  the  hii^ard  «f  a 
rhemiral  is  to  '-.tudy  Ihf  tonir  'iymptiim-.  of  lahotatory  aniMals  at 
the  me'd  ii-al  levt-l  in  r  e'jponse  to  j  p,irti(.iilai  <:ht?«ii  i  a  I  do-ie  and 
lo     try    .itifi    (  or  (elate    tht^    do^e    to    b  io<  hemi<  al     dei  angement^. 

Ill    many  '.tirdifi'S    thi*    lf>x  ic    med  lual     rfC/puM'^ie'i    of    te",.l    ant  m^l 

to  c  hi-micalTi  at  e  the  di'vc  1  ripmr>r» t  t>T  t  anr  I't  or  death  .  He-tai  l(?d 
aulnp'^ie'i  -inil  rx  tenai  vp  bior  hem  it.  a  L  test  trig  Lomplemt-nt  the'^e 
c.tudi  e^  to  dr?ter  mine  ^uhf.fl  liilar  p>'i  turhaliotts  that  rould  have 
rpsul  tc*d        in  Ihp       ton  ic  medii:  a  I        ^jyatptom^.  t  irtk  i  iig       the-se 

hio'  hemir.il  lymiitnm-.  to  the  origmal  Lliemif.jl  \lo^V  i^  a  very 
labour  1 II  ten'.  I  v<?,  camp  li'n  ^nil  fHpcn',!  ve  mandiite.  TJoriv.  ider  inq  a  I  I 
the  rht-mi  i"  a  I  s  in  the  r-nv  i  r  iiiimerit .  a  moi  p  '-it  I  (.•ami  tried  and  cast 
ef  fet  t  i  ve  appr  iiai  U  to  -.i  ri-crii  iiii  |iuti?iit.ial1y  lonii  i  hemit  al'.  i*. 
needed . 

From  thi>  I  i  te<  ature  it  i-^.  w>-l1  uitilii  <.to'Ht  that  the  hepatic 
Pti  Ked  F  urv  I  loh  Or  ida'^e  system  i  ■*  i  nvol  ved  i  o  drug  tolerarH.e  arKj 
lh«>    artivatioii    fit     chemnal^       into       i  ar .    inogen-;.  Ten       yejt  a    ago 

these  tabnratoi  le^  iindertooli  to  reverse  the  Itriditional  apiirodch 
tn  di'lwtmtiie  ihi'mii.tl  h^wni  it  liy  -.tuifying  th..'  d.-i  inqeiwnt  t.  nl  thi-, 
sy^tt-m  and  how  thev  ii'Patc  'O  trie  iiMimrfLi-  toKic  -.yotem. 
thir  rilijt'ttirfi-  w,i-.  Lii  utid»-i  •.Irtiir)  II. c  hi-havion-  of  the  MFO  -iystem 
in  I  f^pon*>«'  to  in  yivp  rind  in  vf^tri'  themnal  "xpost.re  and  with 
thi"^.  infofmatinii  develop  a  scJeening  pr  orediire  for  pMposure  to 
toK  i  (        <  hem  1  c  a  I  ■ .  -  fh  i '.       wa-^       dune       hy        i  den  1 1  f  /  i  ng       (tur  ma  1     and 

abnorm.!!  b  iDchemiy  tr  y  anil  i  orr  <•!  .it  inq  per  tur  balionr.  with  the 
DVfi.ill     health    of     thi-    animal. 

MGOEL    OF    REGPCJWJE    OT    OFFTNGlVt     I  N.'vrtC    r.ySTI.MS 

n.e    MiKfil    tijtir'iOM    llxida^f    '.y-^l.cin,     j  I -.u       known    a'j    l^ytothrume 
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p-.j^go,  IS  a  qr  nup  of       nb  iqui  tou^       hemtiproteins       found       i  n 

microorganisms,  plants  and  animals,  whose  main  purpose  i^  to 
oxyqfnatf*  lipophilic:,  non-nutrient  rampound^       in       order       to 

eliminate    thpm    from    the       ho^t     (II.  From       a     tomtoloqy       point    of 

view,  tht?  hepatic  mirrosomfll  P-'t50  found  in  liirrt?i  and  mammals  is 
mo^t  interesting.  A^i  well  ci^  mot.ilio  1  i  ?  i  nq  certain  endogenous 
compound-j,  hepatic  P-'t50  rieloxifit-s  drugs  and  other  xenubiotics. 
Mo^.t  of  the  tiftie  thi^  system  works  very  efficiently  to  maintain 
b  iochemiral       homeo'itasi?!,  Wht-n       conf  r  on  ted       wi  th       an    exce-BS    of 

rheinical,  i.e.  administration  of  a  therapeutic  drug,  this  ^sy'item 
c.in  function  too  efficiently,  cii-ating  a  tnlt'rance  and  decrea-iinq 
the  effectiveness  of  the  drug.  In  othi^r  cases  thir.  process  may 
futic  t  ion  in  er  ror  and  instead  of  rietox  if  yi  ng  the  t  tiemical  agent , 
the  r^mymf  may  convert  the  substrate  into  a  mutagenic  and/or 
carginoqenic  form.  It  is  thi-i  i  harac  ter  ir,t  i  c  that  most  interests, 
t  ri  X  i  c  o  1  oq  i  "i  t  t.  . 

Cytnrhr  omi?  P-'t50  is  ,i  lai  ge  globular  oc  tamer  ic  protein 
embedded  into  two  dimension.il  lipid  film  raited  the  endoplasimc 
rfjtir.ulum    <ER)     of     the    cell.  In    hepatic       FH,     NODPH    Cytochrome    P- 

'i50       reductase       is       also       present.  Thi^    enzyme    system    t.italyee-s 

etertriin  transfer  from  NADPH  to  the  cytorhrome  during  the  owygpn 
me  I  alio  1  i  /  i  ng       pi  ocess  (B)  .  In       ttie       ti  aditional       model        13)  , 

I  ytochriimc  P  <t50  is  dp«.cribed  a^.  being  a  rooette  surrounding  tlie 
redui:la'>e    en/yme.  In    a    second    model,     the    reductase    moves     like    a 

ihip  through  the  P-'^iSO  mnleciileB,  simulating  a  --^ea  of  rorfc'j.  The 
v,tolt  biometry  of  P -'t50  molecules  is  betwec'n  10:1  and  :)0;  1  (3). 
it.  this  model,  the  active  site  of  P-'iSO  is  .in  iron  pi  o  Loporphyr  in 
IX  moiety  that  i^  located  in  a  large,  relativirly  open  hydrophobic 
pot  ki?t  in  the  surfate  of  the  piotein  13)  and  th*"  nenobiutic 
nmlecule     is       bound    directly    from    the    ac^ueous    cytosol     of     the    ci?!  I  . 

fhf     iridui   iLi  1  I  i  iy    of     Cyloilirume    P    'i50-. 

In  the  al)!:.eivce  of  xentibio  t  ics,  Cy  tnthn  r.me  P-'.SO  in  harrier 
and  dispo'.ai  ti'.sues  is  at  low  level-^.  The  iiiti  odur.  t  ion  of 
■iUbsti  ates    causes    synthesis    of     new    protein    within    minutes.  This 

induction  of  the  MFD  system  involves  Simultaneous,  -.ynthesis  of 
al  1  other  component.^  and  the  prolift-ration  of  new  endopl.ismi  n 
reticulum  I  "i )  .  Cytur.hrbme  P- ^tTiO  is  in  fact,  the  generalized  name 
1)  I  ven    to    a       group       of        isozymes       embedded        in       thi*;       new    pro  lei  n. 

Ii  ad  I  tional  ly  ,  induitton  of  P  't^K)  is  defined  as  an  i  or  t  ease  in 
eiiiyme  concentt  at  lun  oi  an  innea^ie  in  the  activity  of  a  specific 
substrate.  When       the       substrate       conr  entr  at  ion     in    the     liv*?i      is 

reduced,  the  en/yme  is  catabolized  back  to  basal  levels.  The 
stimulation    of       the    Cytochrome      P-'i^iO    system    lesult-j    spec  i  f  ital  I  v 

in  mea'jurablo  increases  in  en/yme  activity,  r.oncenti  at  ion  of 
enzyme,  proliferation  of  endoplasmic  reticulum  and  1  i  vr"  weirjht. 
This  inducibility  of  Cy tiithromi-  P -'I'JiO  plays  an  important  role  in 
druij  tolerance,  which  i-^  ti  ad  i  t  lona  1  I  y  exemp  1 1  f  led  hy  barbituate^. 
such       .IS       phenobarbi  to!        and  heitabar  b  i  tol  .  Ihis  was       lh<? 
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charjctiTi^tic  that  fir^t  i1rew  attpntion  tu       the       li  ver 

mntabal i ^ ing    syitem. 

The  gencr  al  farm  of  Cy  tor.hi  ame  ^-'450  m.iy  m  f  ac  t  be  a 
miKture  nf  ^ever  dl  i^oform^  pr  e^eiil  together  .  Indf^ed,  ^pec  if  it 
chetp  iLdl^  Hill  inducF."  iinniunncheniic  dl  ly  distinct  1=^0  zyme^  of  P- 
(tSO  .  The»ri?    at  o    now    B-  1  I     di^t  inc  t    f  nrm^,    of      i  ndut  ed    Cytochrome    P- 

'iSO     1  "^n  I  .<t«?d  . 

The  bpst  documeii  t^il  1  ^.o/yme  1  ^  inducfd  by  po  ly  aroma  t  i  i. 
hydrocarbon'!  'PftH  '  ^.  t  found  rf  1  st  mr  t  1  y  in  the  left  lobe  of  the 
1  iv.-i   ,     and     is    commonly     cjllfd     Cytnchromt?    Pt-'iS     (^).  thi^     .■-.□.'ymt- 

wa-i  first  imp  1  1 1  ated  in  r.inrtir  ■  i^spjich  by  Conney  and  hi  5 
j'i'ior  iate--.     in    the     l'?^iO '  'j,       ( 't  >  .  Thtjy     found       that    when       r  at^    WL-re 

treated  wi  th  PAH'  -i  'juch  a^  berlzpyrcrie  C  BH  i  rtnd  3- 

mi'tfiy  1 1  o  I  anthi  (7ne  ('J-Mll),  the  ability  of  t+ii?  hep.tlir  micro'iome^ 
■to       hydroxylrttr  BP        r  ncrcaied  up       to  50       fcil  d       wi  th        i  i  L  t  Id 

pi  a  I  ifnration  nf  CR  or  inL.r^.iFif  in  I'-'iLiO  cnntenti  ation.  A=,  PrtH'^ 
Mrrt?  fnnwn  c.it  r  iii(n|pn'=.  i.e.  t  ciurid  in  smoq,  tar  E*xhau'>t  and 
c  iqjf  ette  -^molii' ,  Ui  1  -i  iimi'au.i  1  I  y  h  iqh  ai  I  1  v  1  ty  wlI',  imp  1  J  i  iited  in 
the    r  ai  r  1  ntigeni  (.     mr-r  h.in  1 '.m  . 

Ill  I  W/t'^  l-i)u  tr.  d  i":,<  ovtTRri  th.it  Tyloi  hr  cimp  P-'i5n  wa-i  vtT  y 
Ofn^i  t  i  vf  to  I  h  I  o?  1  111!  t.pd  rompmindi;.  when  lii'"i  .mimal  mom  wj'i 
f  iimi  ij  jIciI  wi  111  1  h  I  or  1 1, ITU'  in  lhi>  m  1  ild  1  f-  ot  a  r_hr  mm  f  I't'd  i  iiq  -.tudy 
Ife),  rtlttiouqh  tlir  01  iqinal  (-"re'  imfril  w.j^  ru  1 'ipd ,  Ihi^  di^tovrry 
ihi  L  I  atcfl  H  wlin  lo  nr-w  f  i  pld  nf  Dy  t-,ii(.rii  timf'  P  'ifiO  rhemi*i  tr  y.  Tli  i-= 
work  wa^  e;*  ti-^ndt.'d  t(i  othei  1  h  lor  inaled  env  i  r  unmeiit  j  1  (  □mpoiinds 
fiHthi  .I*?  1)1)1,  aldi  Iti,  illeldrin  .iiiri  rtrnthliii.  In  tfic  early  I9VO'-. 
th  I'l  work  war.  i.'x  tPrrdf-d  tti  2,3,V,U  tfti  act  1 1  nrr  id  i  hi 'n.-o  [i  ri  i  oni  n 
nCDD),  a  by  pr  orJui  ,t  iit  r>,'i  ,^  Ti  U  h1  ur  (iphcnOKyarcl.  1  (  .11  1  ri  (  t*  , '1 ,  !i 
I)  prndiii  tidri  th.il  i^a*^.  luTiiminq  yi.'f  y  c  iintr  o  vi.-t '.  1  a  1  due  to 
indii-iitr  1  a  I      at  r.  1  -.lent--,     .tjid     Atjeiit.     Ur  ,irri|i'    i")ipiv.ui  f     1  ir     W  I  fLii.im- 

1141    KKPtuiMENini.   ni-'pwrincii  111^    Turst    I  finiiHr^Kinri  y 

I  raili  Li  'ina  I  ly  ,  the  mi-r  han i  ■■pm  'il  the  ("y  tot  hr  ofnc  P  'i^O  -^y^tem 
(lav    hepri    '.ludi  f?'!    u'.l  nrj       hip'  hcmi  1  a  1      t  I'l  hnique--. ,  In       £-^i  ly    win  k  , 

irhpmir.aISi  .idmini5t.t»r  "--d  in  y  i.yo  Lci  t.hi-  1  t-.L  am  ma  1  r.  wer  r-?  clm^nn 
for  thfir  knOHn  ef  f  I'l  t^  iin  the  Mr  n  '^y^^tem.  rhem  11  .il  5  Uf^ed  m  in 
^-'^-■"Q       h  1 01  hf-m  I '  a  I  -i^i^ay-j       wert"       r  hn^ven       lur        thfir        metahfilite 

dc  tf?i..  t  ion  ih.iT  ,11   trr  i'-.t  II  ^ .  1  ri  the  1  a^.  t  ript  adi-,        many 

!ioph  1  ^l  It  a  ted  li  1  di  hnmU  j.l  tei  hriiqLit-.  -jiii  h  a*!  iminuiiui  hem  1  "it'  y  hrfVL» 
advanced  the  t  icld  .  M-.  i  nij  th  1  -j.  apfii  riaiih,  ^ome  r-mt?!  It>nt  work  1  n 
the  I.  omp.ir  r  'jtin  pf  )  "dui  t  r  un  bi-Lweerr  ■^■pet.  1  ev.  and  in  di-'  i  ning  the 
I  ndijt  t  1  on    iif     I  -.iiz  y  mc"-,    fiuiiL    r  e'.ii  1  '  fd  . 

rtftnr  i.lii-  Ml  n  -.y- t.i-ni  wa'_.  foni..)  Lo  n-.pnnd  to  i.hlor  mated 
compoundri ,  pnv  1  r  nnmcritiil  ric  lent  1  ^t 'i  hr!i  amP  t  ntere^itpd  in  U*;  I  nq 
the       r?n'y(Tit'       .1' .  .it'i  L'liv  1  lonme'nt.il  pinbi'.  rtlLhnuqh       viome 

tiJK  iiQloqic.l1  inf  nrma  1 1  nn  ii"-.  1  nq  i_'k  i  '.t  1  nq  li  1  iirhem  1  r  a  1  me  Lhnd5  wnsi 
pQ'.-iiti  le,     thr-of    melih'ild'.    wi-i  !■        I  nn       1  iua  1  i  La  L  1  vi.        1  o       di-'ti-i  m  1  tii"     the 
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hinloair.lI       hazard       of       a    rhem.cal     without    artificially    modifying 
\Z»Valy.tT.  Th..o     laboratar.e.       hav.    .tud.ed       the    MFG    .y.t.. 

^eh^ou.     of     tt^.    5^fen.iv.    .n.y-^    ^.y-t.»    fo,.nd     .n    th.    m.cro.amal 

fraction    Df    rat     liver. 

The    Total     Itepal  ic     Induction     (THl)     i  nd.-x ; 

The  fir'.t  ^tep  in  our  -pproarh  Has  t"  qum.t.tat*-  t.-o 
bio.he»..eal  response  pf  th.  MFO  '^y^tP™  to  the^e  chemica  P-"""-^; 
?h^  CyU^hro^/  P-.50  .y.te«  '-  ^  ^^  ^  ncxaMe  .y-.l.™.  ."d  . 
kno«n  Id  havP  an  ^rray  of  bialog..:..!  rospon^e^  that  it  can  "--^  »" 
orde-  t„  adapt  to  a  -onoh.otic.  The  «.c,<.t  ev.dent  "--/^^  '^^^^ 
of  Ih.-  P  '.50  sv.t..m  ,t^,rlf  include  an  in.rea-ie  .n  b.otran^f orm 
en.yme  arl.viLy.  .ncea^c.  m  enzyme  r  or«r.'ntr  al.on,  a 

proliferation  of  rndaplas«ic  r.^ticulum  and  an  enlatqc-ment  of  thf 
n"^,         (t).  rt       .,uantitat,v«.       sy-t^.m    to    -non,  tn,      the.e    .  .^-pon^..-^ 

Mould  q.v..  an  indication  of  the  abiUly  nf  the  orqani^m  to  tope 
^?th  .pc.c,f.c  chemical  -.t,  e-..  ...x.  therefn.e  g.v,-  and  ""1'^^''^" 
of       the       "ha^-rd"       pr^-r.-nt^d       by       that       chemical.  Us.ng  h^^e 

r..pon.es,  the  Total  Hepat.r  I.Klucl.on  .THl.  .nde-  — '  l^*-^ '  ^^' '^ 
lo  monitor  the  total  livor  m..TOSomal  .  e-span-ie  to  inducer  7). 
^m.  index  «a.  d.^.gned  to  quant. tale.  rather  ''-"'-P'^^- 
dPtailPd  bia<rh..m.r.,l  '-tudies  by  providing  a  simplified  picture  ot 
a    ramplicated    iespon5.e. 

Th.^       inde«       H^r,       ba^ml       on       th.-       a-.^...m,.l  ion       U.al     the    M.  xrd 
function    0«.da^..     <nFO>     system    Na-i    th.-       rat..     I.m.      im,       -*-P     '"    *    ^ 

and  th.it  the  '.lep.,  pieredinq  and  ...Ll..win<,  hydroxy  I  ut  .  on  do  .«.i 
inhibit     the    prore-.^- 

Tl.e     tot.il     ..xper  im.-nt,il     i  nde-    r -in    I.e    f.«p.  .-.-..•d    .1:     fnlla«-i: 


THl.  ,, 


X 


fniyme   ai-tivi  ty 
[CytorhromG    P-'t!iOT 

ri:ytoihrome    H'tDO  I 

rnicro^owal  Prnteinl 

[Mirro^omal     Pt  oteinl 

I    iviM     Weight 


Liver     Weight 

X         -  -  -    -— 

Animal    i«eiqht 
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tnzyme   Activity 

(  I  i  i  ) 

Aninal    Weight 

E-.th    component      reprewnts    a    change,    in   statp    affetted   by    the 
xenoh.ot.c,     he-te.     all     ar^    preo^nted    relative       to    controls.  The 

rto^e       re^pon^r.  of  each       pa.  .imeter        ir,       dependent       upon       the 

deto-.ficration       r  equire«ent«.  and  each  parameter  tends       to 

cnmppn'iate    for    any    deficiency     in    rer.ponse    of    another    p.irameter  . 
Ih,-    THI        .nde-    ran    he    i.^ed     to    Dither    provide    a    hasl-.    nf    comparing 
the    total     hepati.      re-.pono..    nf    an       individual     to       an    Kt^nobio  t  ic    or 
to         compare         ro-ipiinspo         l.et«een         species         to         environmental 
contaminants. 

Iht-i    TMI     inde«    h.T,    h.-e..    ..--ed     in    our        laboratnr  ie'^    siwe     19B2 
mi    a       routine    h.,-.i-.  We       have    often       found     that     a    '.  tat  i<^t  it  al  ly 

^i.inifiiant  difrtTeiK:e  f  r  urn  control  of  ofH^  p.iramete.  i.e.  an 
imrea^e  in  cn^ymt-  activity  per  P-^50  com  e-ntr  at  ion  can  be 
counte.ed  hy  a.,  oppus.  te  charge  in  a  second  parameter  t.e.  a 
d«.ease  in  the  co,H:.;nt.  at  lo-,  of  P  '.50  pe.  unit  protein.  The 
final  THI  par,.m,.te.  «at.  not  ^tatistUally  diff^-r^-.t  I .  nm  '""t^"* 
animals.  Ktat  i-,t  i  t  ..I  1  y    different        THI     i  nile^e^    r„  rur  .  eri    when    thp 

re-.pon.il.  or  .in  i-.n^yme  such  as  Cytuch.ome  P  '.Mt  «..-.  evoked.  Ih.s 
compem.atlon  m.-chanism  ,s  not  normally  seen  «hen  using  WP«^al 
t.iofhem..al  lechniqu...s  .i.,d  r,uqqests  that  the  WO  system  has  a 
thnmical  response  syt.tr-m  that  is  more  -.ubtle  then  the  well  known 
isD/yme    r  espun^e. 

Ihe    »F0    adaptation    to    C    H    hnnd    -.trt-nglh: 

The    serontl    ^tep     in    our      lo«  ..  oloq  .<  a  I     appr.i.vh    was     to    e"amtne 
the    pos'.ihle       me.hanlsmsof       .ontrni     at        the-    a.  t .  ve       siteol     the 
enzyme    syjtem     IB). 

In       most  hMichem.Lal        p.  ot  essis        ll.t-       o-.^ymes       are       hiyhly 

soet  lal  1  ?eri  to  ttie  geometry  uf  one  ot  a  smal  1  number  Ol 
substralps.  F  o.         these       particular        >  ornpou...!.. .        theha.nHrto 

reaction  is  reduced  by  very  ^.pe.  .  r  ,  c.  .o.-trol  of  Ih^  ^r.tropy  of 
the       lea.  tiOT,  transition       state  ..S->.  However.        I.^e       all 

.atalv-.ts.       .M..ymes      may      -lisn      as-.i^t       the      chemical       char.ye      hy 
providiny    sufficient    energy     to    dr«ak    old    hon.ls    or     make    .h=w    honds 
henr.>    ror;t,oH.nq       the    enthalpy       of.ea.t.on       (     H- >  .  The    sum    of 

tLse  two  pr.,pe7t,ns  at  any  temperature  is  the  free  energy  of 
aetlvation    of     Itie    reaction    »  ,G"  1     where". 

,.C-  jH-  r,,K-  '  IV) 

in  this  crgarrl,  the  nTG  system  is  unusual  in  ^hat  the 
gorv-ral  form  ai  Cyto.  h.  om-  H-V.io  has  the  ab.l.ty  '«■  '^>''"  ""^  »«'^.  ^ 
wTI^'    range    of    ..eometr  ir  al  ly    unrelated    xenab.otlc    substrates.        The 
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number  of  identifiable  Cytochrome  P-'^SO  .^ozy,ne.  '%hT^''  '"k  oJ 
in    comparison    «.th    the    .nimber    of       known    inducers.  This       ^^'^^^    "\ 

substrate  specificity  suggests  th.t  the  MFQ  ^y^ten.  has  evolved  a 
for™  of  enthalpic  control  to  determine  the  energy  needed  to 
insert    activated    QKygen    into    various    substrates. 

to  test  th.s  .oncept,  a  three  dimensional  K«periment  «a& 
designed  using  the  THI  mdeK  to  assess  the  relative  >'"''%t^""  "^ 
molecular  Shapes  and  bond  ^.trengthson  "^'^^  '"  "^' J^  •^J^^''^  "^" 
active    s.te    (9).  This    eHperiment       utilized    che..ic^ls       chosen    to 

m^et  specific  chemical  criteria  of  I .pophi I .c . ty .  structural 
siH^licity,    C-H   bond    strength    and    geometry 

Traditional  experiments  were  <lBsigned  to  be  two-dimensional. 
An.mals  were  dos..d  with  a  chemical  that  "induced"  '^^^t-V^^^^^^^?^ 
f.-^50  sy.tem.  ftfter  ..  fiKPd  time  period  to  allow  the  ani«.al  to 
,™nd  to  the  inducer  it  wa.  ki  I  led  and  the  pr  epa.  ed  1  .  ver 
r.r.mUenate  wa^  assayed  using  substrates  /t-o-en  '^-^  J^^*^  °* 
analysis.  Often       there      was    no    chemical     similarity    between    the 

inducer    and    the   substrate. 

m  our  enperiment.  the  inducer-,  used  ...  y^vo  and  sut.st^at^.^ 
for     testing       m    vi  trn  were    .  hosen    to    he    the    v.ame    .hemi.al-.    with 

CM  bond  ^tr^gtTTT^that  could  be  calculated  from  the,  modymanc 
t,,ble^.    <10..  Sprague-Dawley    r.,ts    were    tested    with    a    subchruni. 

1/5      LD=.      dose      of       each       chemical.  NADPH      reduction      by    ea. h 

iic-oso^:!  preparation  was  measured  in  the  P^--""/'' J^^.^ 
Che«ical  as  a  substrate  under  conditions  for  ..seu.to  f  i .  -.1  o' d.  . 
Kinetics.  rhe    high    bacW„raund    of    "A^f^H    redu-.t  ion    was    removed    by 

nnrsdU/ation    with    cont.ol    ra.crosomal    activity.        In    this    way,     the 
response    Pf       the    flFO       system    to    a    chemical     (  i_n    y^vo    ,espon-.e)     and 
t:^rCsulting       ability    to       me  tabol  we    other       -f^^^^'-r     ^^^  J.^^ 

response)    can      be    independently       compared    to    the    bond    strength    of 

the  chemical . 

The    null    hypothe-is     (K.. total,     is    that       the    MFU       .ystem   w.M 
re..pond     linearly       to    enthalp.c    r  equ  iremenl ,     that     is       the    ^    H    bond 
strength    of    the    chosen    chemicals   both       in   vlUIS      -'''*^^„/^^f '     ^" 
ncn-Unear    response      would    -.ugqe^t       -".  f"'' T' tn.         Intf    t^    t!n 
response   mechanism.    This   hypothesis      will       facto.        into      twotwn 

dimensional    oxper iments: 

H„.  total    =    (     r.    H„,     in    vitro     )     *     (     I:    H„ ,     ijl    vivo     t  <v) 

tH„.  in  vitro)  is  defim-d  as  the  adaptation  ot  MFG  to  the 
bond  strWh  ^iTT^e  inducer  su<  h  that  substrate-,  wi  tl.  a  lower  C 
H  bond  strength  would  be  -t-"- "  ^^  "' ^^  '-:^^  ^"i; '^ '"™  ][,.  '  , 
vitro  than  the  inducer  as  a  substrate  and  substrate-.  with  a 
Mg.;rr  OH  bond  strength  withies^  efr.c.e.«:y.  Vte  have  termed 
this  null  hypothesis  as  the  Ij.  VUL."  sel  f  substrate  test  a.,  it 
e-am.nes  M.  0  ability  to  handle  ^.ub^.trates  from  the  P-^"^''^';  "' 
the     induce..        There   will    he    a    H..    or    sel  f -.ubstr  ate       te-.t    for    -ac  h 
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inducer  in  the  total  eKpor  intent .  Subtracting  the  ^elf -substrate 
activity  from  other  substrate?,  activities  for  an  inducer  reduces 
the  activity  data  to  a  series  of  positive,  negative  and  zero 
numbers  that,  when  examined  in  lelationahip  with  the  substrate 
bond  '.trength  will  characterize  the  Free  Energy  of  Activation 
(aG.-.,,  in  vitro*  of  the  MFO  system's  in  vitio  substrate- 
interact  ion. 

These  data  are  given  m  figure  1.  Data  regression  analysis 
of  seven  of  the  scl  f  ■  sub-.tt  ate  test-,  suggest  there  is  a  linear 
relationship  between  the  bond  strength  (if  the  weakest  C-H  bond  in 
the  substrate  to  b=  metabali2ed  and  the  free  energy  of  activation 
induced      by      the      animal.  Those      noted      by      asterisks   were   not 

included  in  the  regression  as  th(?y  did  not  conform  with  the 
overall     linearity    of    the   ejiperimenl. 

The  second  half  of  the  total  mill  hypotht-vis,  (H„,  in  vivql  , 
or  the  In  Vivo  ,Blf -suli'.tr ate  test  examir^es  the  experiment  from 
the  perspective  of  the  subst'jte.  An  iM  vi_tj_Q  sulT^-ti  .ite  with  .» 
known       weake<.t       i:    H       bond       -strength       will  be       metatioli/ed       more 

efficiently  by  Wtl  Jd.ijited  to  an  inducer  with  a  ■-li  unger  CM  homi 
r.trength  than  MFU  adapted  to  the  r.el  f  sub^itr  ate  and  metaboli^e-l 
lesf.  efficiently  by  MFO  adapted  to  inducers  witii  a  weaker  C-H 
bond  strength.  ,.  high  ._Gr-.  predirt-^.  high  activaticm  adaption  of 
FIFO    to    a    strong    CH   bond. 

Data  iegrer.sio>i  analysis  in  figures  P  indicates  that  then- 
are  di'itinct  r  elat  lon-ihips  between  C.  H  bond  strength  and  i.t5,.i,lT.> 
vjxn  "f  f^^  '^"  sub-jilrate«  in  this  experiment  that  can  be  gt  ouped 
acrordiriq     to     the    chemical     properties    of     the    weakest    CH    bond. 

In  t.hi-  fir'it  category  are  hexamelliy  lelhane       IHMt), 

lyclohexane  UtV)  and  d. mrthy Ibutane  (DnB),  which  have  weakest  T- H 
bond'-  of  aliphatic  primary,  -^ocondar  y  and  tertiary  characlpr 
re-^-pertively.  As       thi?se      t.ubatrates   have   no    functional    groups, 

they  typify  the  baseline  oi  ".nti-ndt-d"  br.h.ivin.ir  of  tht#  MF  CI 
^yr.tem.  Mo'it       endogenous;       ihemiials       that       are       controlled       by 

c:ytot  hr  irnii.    H^i^'O    .»<  e    known    to    br-      iliphrttic. 

In  the  ■.(■rond  rateijory  .ii  f  1,1.1  ti  i.  hint  oelhane  (  tCX  >  , 
lindani^  (IIN>,  ihlornfcnm  (CHL  I  ,  whii.h  ai  e  <  hlnr  i  natfil  aliphatit 
coBHioundsi  cyi  li.hexern*  (CO,  wlmh  is  an  unsaturated  aiiptiatM 
irimpoundi,!  and  ]  P'.     ti  it  li  ItM  ntieii^L-.ie  ll?'.l  and  1 :3ri 

ti  II  hloi  nbfnirfiM'  (intil,  which  are  chlorinated  aromatic  compounds. 
All  of  Ihesf  ihi.'micals  contjin  weakest  C- H  hoitd^  that  hnve  been 
infUn-nred    hy     the    pr  eseriLP    of       utliei         functional        groups.  The-..' 

-.ubsttate-,  have  J  mu.  h  hrghni  ,6.-i,i_'i  vivo  than  e»pe..  ted .  Tlie 
two  data  r.jgr  e-=:.ion  lines  intftseit  at  lO!  kcal.  which  I's  the  C-h 
bond    stri.-ngth    of    a    hydrogen    adjatt^-nt     to    an    aliphatic     double    bund - 

B.-n7(>ne    has       ai  omat  n      C    II       hond',    which    are    stronger    than    any 
in    aliphatic     Lompound'.    and        lif    -it        the    point       -.f     ,nter-.ec  t  ion    of 
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the  t«a  in  vivo  tr^nd^.  It  exhibits  a  much  lo«er  ^G„.,lB^i^ 
than  e^p^ted  and  does  not  fit  into  Pi  the.  linear  relationship  m 
vitro.  fill     suh^trate       activities,     e.p^cially     the    ^-'^"^''^-'^f ^ 

,:;^^  have  detr^a^ed.  apparently  shifting  the  chemical  to  a 
ch».n..cal  potential  of  MrO  adapted  to  a  .«ak«r  CH  f'"'"^/-^'"^"^^  ■ 
Ben^ene  ha.  been  identified  a^  a  suicidal  inducer  (lU  and  a 
cancer        initiator,        and        i^       metaholiited       to       an       epo-.de  Th.^ 

compound  .^  not  the  intended  phenol.  It  .-.  «ater  .n..oUible  and 
"^,t    el.»inat.d    fro.     the     lip.d     into    pha..     U     of    --'-'. on  Tha 

epoK.dn  instead  can  then  destroy  surrounding  f ^"'"'"  . ^^  '^^^ 
^dical  decomposition.  resulting  m  a  Ioh  observed  ^"^^'"'^^  |f 
vitro.         This    ..pparent     -shift      in    bond     strength     position    a-,    a    -"e^ult 

^7-5ecrea',ed  activity  in  the  m  vivo  sel  f -ub-.tr  ate  assay  hfl^ 
been    termed     thP    Suiride    Shift. 

TUF   nsscsfjriENr  w    risk 

nef.ning  the  he..  I  th  ri-,(.  of  a  rhem.ral        '  "l"*^^^ 

under-.tandinq       of       both       the       eKpo-.ure       to       th^       chemical     and    the 

IS  a  problem  of  analytical  chemistry.  It  requires  development  of 
convenient,  reliable  and  ^en^itive  methodo  log..-.  that  ^^"  t'*' 
implemented  in  an  extensive       monitoring       program.  P- ope. 

measurement    of   exposure   will     identify    those   population-^    at    ri-^k. 

The  «edUal  consequences  nr  total  ha.ard  ^^  '^^  .;;';^"''  ^ ' 
requires  an  assessment  and  prior. .ation  of  all  unde-. .  r  ah  1  e 
bToloqTcal  changes.  In  the  pa.,t.  ha.ard  has  often  he.n  ----'^ 
hy  the  .linical  presence  of  disease.  Today  «hen  •-'--"^,;;^ 
result  m  the  development  of  a  disease  such  a'.  •^^™,^'^  "' '^' " 
several  decides.  the  Miniral  definition  of  ha.a.d  is  both 
imprecise       and       observed       only       after        irreversible  d.image      has 

occurred . 

The  answer  to  this  is  to  develop  an  ur«le.  stan.lin.,  of  the 
.nterartinn  of  tho  chc>m,ral  «.th  the  early  -'-'^"-^  ""^  hr.'TTulir 
the  body,  because  it  i -.  the  breakdown  "^^^^^^^  %'f /;  '^  ;^: 
systems  that  .nitiate  the  p. ocess  Of  disease.  As  the  first  .op 
i^i  development  of  a  sciP.>ce  of  rhom.cal  I'- t^'^'^'J^",  .*■  ^,^ 
development  of  a  rapid  screening  method  *«';  -^-""1  I  ,7^ei  a  d 
ims^.ible.  Potential     problem       ,hemi.:als    could       bi.     i.tenl.l.ed    and 

recommended  for  mo,  e  detailed  study.  One  such  defense  mr.-,hari,sm 
is  the  Mixed  furufon  OK.dase  system  which  is  known  tu  respond  to 
and    eliminate    a    wide    array    of    chirm. cls.  The    measurable    ^' f>--'  t;^ 

of  chemical  exposure  ran  be  observed       with.n       hours      of 

administration.  This  ve.^tility  is  very  unusual  as  mo-.t  enzyme 
systems   are   structure   specific. 

The  THl  index  provides  a  mechan.-.m  to  compare  the  total 
response  at  all  levels  of  organization  from  whoe  l^^'W  la 
subcellular         effects         of  xenobiotics      with      control       systems. 
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Ho  weaver  ,  the  mast  important  component  of  this  response  l«  the 
dddptation  (if  chemiral  potential  at  the  active  site  and  the 
behaviour  of  the  xenubiottc  at  th»&  active  site.  The  obsprvation 
of  ei  ther  intended  or  unintended  behaviour  here  ha^  the  mast 
potential  as  A  predictor  of  chemical  disease.  The  intended 
foncti<in  of  the  MFO  system  is  to  hydroxylate  hydrophobit: 
chemicals  so  they  can  be  eliminated  from  the  body.  When  this 
behaviour  occurs,  the  xenohiotit.  is  removed,  hence  the  risk  of 
disea-^e  is  nl  iminated  . 

The  present  experimt-nt  suggests  that,  as   its  first   line  of 

defense,      the       liFO    system        responda     to     the    enthalpic     properties    of 

the  invading  chemical  in  both  the  inductive  response  and 
elimination  process.  This  independence  from  the  structural  shape 
of  the  fcireiqn  compound  is  consistant  with  the  versatility  of  MFD 
systems. 

fls  the  iiiti  ic  jcy  of  I  >  v  i  ncj  sys  tt-m^  have  bt-en  d  iscovered,  i  t 
is  consistantly  ob-served  that  the  most  con-.er  vat  i  ve  ar>d  efficient 
cellular  proce'iseo  liave  pvo  I  vt'il .  TPii-  resptin-.i-  of  the  tV  O  system 
to  the  Heake'-.t  C  H  bond  -itrength  in  a  foreign  chemical  that  needs 
to  be  di'ipoHed  of  cm  he  recognized  as  d  fu<  Ihei  example  of  this 
tendency.  As  cytochrome  P'tDO  is  a  general  enzyme  ^y^tem,  all 
chemirsl  structures,  fndogenou^  as  wrll  as  eKOgenous  that  art- 
present  have  the  potential  to  be  mi-Labol  i  zed.  The  stronger  the 
Dxldaticin  potential  of  the  active  -site,  the  more  the  chemical 
structural  ai e  vulnerable  to  attack,  since  any  bond  that  is 
Heaker  then  the  tat  get  T  H  borid  can  he  melaboli/ed  in  this 
enthalplc  '.ystem.  Ihus,  whi le  performing  i  ts  " intended" 
behaviour,  the  MFH  systew  must  strike  a  hala.ir.e  bi>twe*?n  undei 
reoponse,  wtie>  o  the  chemical  potential  of  the  ac  I  i  vh  ^ite  is  to<i 
weak  1(1  be  effective  on  the  target  comfiourid  «l>ich  i -^  also  the 
self -substt  ate  and  ovei  respiinse,  whet  e  I'j'.ential  ^ubst  i  tuenfi 
may  be-  melabn  I  i  f  eil .  flalfunctinn  of  the  MFO  '^yslem  in  either 
direction  can  lead  to  unintended  infUiente  un  the  surrounding 
tissue,  which  il  ntjl  corrected  could  lead  to  Ihf  development  of 
disease.  ft  good  example  of  ovfr  response  and  of  Ji  c  idental 
nxidation  of  other  ^ites  m  strong  C  H  bond  -.ystems  is  Ber./ene 
{figure    0>, 

Oen^ene  h.is  d  C-H  bond  wliich  is  stronger  than  any  .lUphatic 
eguivalent  and,  as  an  inducer,  will  generate  a  high  oxidation 
[lo  tunt  1  a  1  .  The       gener  a  ted  ux  i  dat  i  on       pa  tent  i  a  1  behaves       as 

predicted  in  the  In  V^tt  p  -iel  I  -  suhati  ate  test  (figure  1). 
However,  in  the  absence  of  an  ortho/para  or  meta  directing 
-.ubstitupnt  in  ths-  ring,  the  ariimatic  C-T.  band  is  more  suseptible 
to  attack  than  the  target  C.  H  bond.  and  unintended  epoxide 
insleail  of  an  intended  phenol  will  result.  This  will  set  off  a 
subsequent       chain       reaition       of       "accidental"       reactions.  The 

npoxides  are  more  hydiitphobic  than  the  i  oi  respondi  ng  phenol  and 
thtTffore  remain  in  the  lipid  and  because  they  are  chemically 
unstable   will    bi  eakdown    to    give    f  i  ee    radicals.       The    free    ladicals 
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t-  H^ctrnvino  the  surr  ourid  I  nq  piptein,         including 

propag^t..  J'^^^^'"''"'^  ^^^"^^  reduces  the  observable  .ub^tr^te 
ac'  rv';yr-P--nv  roT\l.  :.T.^^..^.^^  b.n..no  .t..lf.  -.^ 
rtsulU  in  a  displacement  on  the  L"  Vivo  .«1  f-^-b^trate  te-.t 
(^qire    5.       wh-h        ..       termed       a       ^u.cide       sh.fl.  ^^"VT^lTn 

..1^ctr«nr  aene-atPd  by  the  free  radicals  a.  e  very  so  lib  1«^  in 
V  ^id  Ind  v^Tlong  l.vL.  ccn.eguent.y  they  ..M  ^^ ^ac^^  'P'? j!. 
double    bonds.  It        io    known    that     t  ■  ^'.ue    h>qh     >"    ""^^^"' ^Jl*^    '  ^^^ 

111        develop       cancer        in       the       presence       of       radical-,       (le)        and 

nrtrt       the       strength       of        the       cancer     initutio"    .ap^biiity-        it 
;L's,b:    that    the   di.pl.cemer,t      of      cyclohexene      *-"•   ^;';^^>;-^^ 
relationship       with       L-H       bond       strength        in       the       In      Vj^^f^'J 
substrate    ter.t     (figure     I)     ..    al^o        .nd.cat.ve    of        a    suic.de    shift 
and     therefore    uf    a    cancer     initiator. 

al*Q  a  orouD  "iif  Themicals  containing  fumt.onal  groups  that 
ge^r:ted  an"  oll.dat.cn  potential  greater  than  "^^l^  ^^^^^"^ 't. 
from  the  structural  type  of  the  calculated  '-*'<'^^*  i;^^''""J;„t  ^^T 
„.-.<us..cd  t.arl.e..  th .  =.  h.gl>er  than  necessary  ^"■^^^"•"  ^^'^^  ;^^ 
«.il  mrrease  the  ri-.k  of  generated  free  radicals  ^"■*^;;^'' 
1'  dental  oxidation  of  sur  roun.1 .  ng  t .  ^sueo,  other  «eMob  ot.cs 
Oithough  the  ^.elf-^ubst.ate  -enobiot.rs  of  th.^  ^h""''  "'it  .1 
.....ro^  themselves  a.  «■ -^.  r:r"!;.;.''rrahirT"roundrs.rc;  T. 
C^-riLr  'fa'tr  Z^^^  "fre^'^V^dical.  thrnugh  accidental 
behaviour . 

r  Hit-::- ■v^^ri:.%^^::rLr.t,r;;r-.°vv;i;;;;; 

t  ommc-c  lal    uses. 
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Ttif     In       yi_tro    '.fl  f    suh'.li  Jtp       te^t     <figure       I)     eKamitips 
hdndlF    substrate's    fTom    thp    pp^^ipf^c  1 1  ve    of     the     inducer. 

The     In      Vivo       -spW  — iiibr.t»  ate       teil       PHamines       the       same       data 
peTi,pective    of   the    substrate.        Fui  thL-r     details    can    be    found     in    the    text. 

Ihf       sut.atrates  are:        1,1.1     Tr  it  hlnraethane  <  TCf )  ;        L  indane       ILIN)  i 

CVLlohexi.ne     ( CF  »  i    ChlornfD.*        (CK-lJ        P. 3    D.melhy  Ibutane       (DflBl;     Cyclobe«ane 
(CY)  ;  llexa«i.-thylelh.in^  < HME  )  ;  1  .;?,<.     Tt  i ch loT obenzene  (  It?*. )  ;  1,3,5" 

Tr  ichlciroben/erte     (I3i)     and    Benifne    (BEN). 
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PROCEDURES  FOR  THE  2, 3 , 7 , 8-SUBSTITUTED 

ANALYSIS  OP  PCDD  t.    PCDF  AND  OTHER 

TARGET  COMPOUNDS  IN  ENVIRONMENTAL  SAMPLES 


Introduct  ion ; 

Chlorinated  pollutants  have  for  years  been  a  major 
concern  because  of  their  toxicological  properties  and 
widespread  existence  in  the  environment.  Over  the  last 
decade  two  classes  of  organic  compounds  known  as 
polychlorinated  dibenzo-p-dioxins  (PCDDs)  and 
polychlorinated  dibenzofurans  <PCDFs)  have  received 
considerable  attention  because  of  their  extraordinary 
toxicities.  These  compounds  have  become  virtually 
ubiquitous  in  the  environment  having  been  identified  as 
contaminants  in  incinerator  flyash,  sediment,  water, 
human  milk,  and  biological  tissue. 

The  basic  structures  of  the  dioxin  and  fur an 
molecules  are  shown  in  figure  1  along  with  the  eight 
sites  which  may  be  substituted  with  a  chlorine  atom. 
The  spatial  arrangement  of  one  to  eight  chlorine  atoms 
yields  a  total  of  75  different  PCDD  iEomers  while  the 
less  symmmetrical  furan  molecule  gives  rise  to  135 
isomers.  Figure  1  also  shows  the  numbering  scheme 
employed  in  the  PCDD/PCDF  nomenclature. 

Although  PCDDs  and  PCDFs  have  many  similar  chemical 
and  physical  properties,  the  toxic  behaviour  of 
individual  isomrs  may  vary  dramatically.  Table  I  lists 
the  LD50  values  for  several  PCDD  isomers  [1].   The  most 
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toxic  dioxin  and  f  uran  isomers  are  the  2,3,7,8- 
tatrachlorlnated  compounds,  3,3,7,8-TCDD  and  2,3,7,8- 
TCDF  respectively.  There  are  however  several  other  PCDD 
and  PCDF  isomers  which  have  been  found  to  be  highly 
toxic.  This  group  of  toxic  isomers  consists  of  the 
PCDD9  and  PCDFs  which  have  four  to  six  chlorine  atoms 
and  all  four  lateral  sites  (positions  2,  3,  7,  and  8  in 
figure  1)  occupied  by  chlorines  [2].  Thus  there  are 
twelve  compounds,  five  PCDDs  and  seven  PCDFs,  which  are 
highly  toxic.   These  compounds  are  listed  in  table  II. 

Host  PCDD  and  PCDF  analyses  have  previously 
involved  the  determination  of  total  congener  levels  for 
the  tetra-  through  octachlorinated  species  and/or  the 
isomer  specific  determination  of  2,3,7,8-TCDD  and 
2,3,7,8-TCDF.  The  high  toxicity  of  the  ten  other 
a,3,7,8-Bub9tLtuted  dioxins  and  furans  makes  it 
desirable  to  perform  isomer  specific  determinations  for 

these  compounds. 

The  isomer  specific  determination  fo  PCDDs  and 
PCDFs  is  hindered  by  the  fact  that  no  single  GC  column 
is  capable  of  resolving  all  the  individual  isomers. 
Buaer  and  Rappe  prepared  all  of  the  tetra-,  penta-,  and 
hexachlorinated  dioxin  isomers  and  attempted  to  separate 
the  five  most  toxic  Isomers  from  the  remaining  PCDDs 
[3].  Using  a  55  metre  silar  10c  glasa  capillary  column, 
the  five  most  toxic  dioxins  were  reasonably  well 
separated  from  the  other  isomers .   The  toxic  2  ,  3 , 7 , B- 
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TCDD  was  only  partially  resolved  from  1,4,7,8-TCDD  and 
two  of  the  toxic  hexochlorinated  dioxins,  1,2,3,6,7,8- 
HgCDD  and  1,2,3,4,7,8-H6CDD  were  found  to  closely  elute. 
While  there  appears  to  have  been  some  success  in  the 

isomer  specific  analysis  of  the  highly  toxic  dioxins, 
very   little   work   has   been   reported   on   the   isomer 

Specific  determination  of  furans. 

In  this  study  we  have  investigated  the  combined  use 

of  HPLC  and  GC  separation  techniques  for  the  isomer 

specific  determination  of  2,3,7,8-substituted  dioxins 

and  furans. 

Experinental : 

Individual  PCDD  and  PCDF  standards  were  obtained 
from  the  Ontario  Ministry  of  the  Environment.  All 
organic  solvents  were  distilled  in  glass  by  the  supplier 
(BDH  Chemicals  Inc.,  Toronto,  Ontario)  and  were  suitable 
for  pesticide  analysis.  A  flyash  extract  used  to 
investigate  the  separation  capabilities  of  the  alumina 
normal  phase  HPLC  (NP-HPLC)  fractionation.  This  extract 
was  obtained  by  Soxhlet  extracting  approximately  40 
grams  of  municipal  waste  incinerator  flyash 
(Commissioner  Street,  Toronto,  Ontario)  with  350  mL  of 
benzene  for  24  hours.  The  extract  was  fractionated  on 
silica  NP-HPLC  to  isolate  the  dioxins  and  furans  from 
the  bulk  of  the  matrix  prior  to  performing  the  alumina 
NP-HPLC  fractionation. 
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HPLC  fractionations  were  accoBiplished  using  a 
waters  liquid  chromatographic  system  which  consisted  of 
three  model  510  pumps  and  a  model  181  variable 
wavelength  ultraviolet  (UV)  detector.  The  HPLC  is 
controlled  by  a  Waters  820  chromatography  workstation 
consisting  of  an  NEC  APCIV  personal  computer  and 
monochrome  monitor.  The  workstation  is  linked  to  th« 
pumps  and  detector  by  a  system  Interface  module. 

sample  was  introduced  Into  the  HPLC  via  a  loop 
injector  which  consisted  of  a  Rheodyne  six-port  valve 
with  a  20  microlitre  sample  loop.  The  organic  solutions 
are  loaded  into  the  loop  through  a  needle  port  using  a 
flat-tipped  100  microlitre  Hamilton  syringe. 

The  sample  fractionations  were  achieved  using  an 
analytical  scale  alumina  column  (25  cm  x  0.4  cm  i.d.). 
This  column  was  prepared  in  our  laboratory  using  a 
Shandon  packing  pump  (Shandon  Southern  Instruments  Inc., 
Wewickley,  Pennsylvania).  A  slurry  of  5  micron  alumina 
particulates  (Rayonics  Scientific  Inc.,  Downsview, 
Ontario)  in  methanol  was  packed  under  a  pressure  of 
approximately  9000  psi. 

The  gradient  elution  program  used  for  the 
separation  is  given  in  table  III. 

The  HPLC  effluent  was  collected  using  a  Gilson 
model  201  fraction  collector.  The  fraction  collector 
was  set  up  to  collect  the  effluent  at  discreet  intervals 
as   established   through   the   injection   of   standard 
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solutions  of  PCDDs  and  PCDFa  under  the  identical 
gradient  olution  program.  The  fraction  collection  times 
are  listed  in  table  III. 

All  gas  chromatography -mass  spectrometry  analyses 
were  performed  using  a  Hewlett-Packard  HP5987A  GC~MS. 
The  HP5880A  gas  chromatograph  is  linked  to  the 
guadrupole  mass  spectrometer  by  a  direct  capillary 
interface.  This  permits  the  end  of  the  GC  column  to 
butt  up  against  the  mass  spectrometer  Ion  source .  Al  1 
of  the  GC  effluent  therefore  enters  the  mass 
spectrometer,  A  cool  on-column  injector  and  30  metre 
DB-5  fused  silica  capillary  column  (0.32  inn  i.d.)  were 
used  for  all  GC-MS  analyses.  The  GC-MS  is  controlled  by 
an  HPIOOO  data  system  which  is  also  linked  to  various 
peripheral  devices.  For  the  selected  ion  monitoring 
determination  of  PCDDs  and  PCDFs,  three  ions  were  chosen 
for  each  congener  group.  These  ions  corresponded  to  the 
most  intense  peaks  in  the  molecular  ion  cluster  for  the 
various  congeners. 

Results  and  Discussion: 

Two  standard  solutions  containing  a  total  of  15 
PCDD  and  PCDF  isomers  were  injected  on  alumina  NP-HPLC. 
The  resulting  chromatograms  are  shown  in  figure  2.  By 
collecting  fractions  at  the  intervals  listed  in  table 
III  and  subsequently  analyzing  by  GC-MS,  the  elutlon 
behaviour  of  the  dioxins  and  furans  was  determined. 
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c] early  the  elution  behaviour  does  not  depend  solely 
upon  the  degree  of  chlorlnation  and  therefore  it  may  be 
possible  to  exploit  this  selectivity.  To  investigate 
this  possibility,  a  flyash  extract  believed  to  contain 
virtually  all  PCDD  and  PCDF  isomers  was  fractionated  on 
aluaina  NP-HPLC. 

The  flyash  extract,  which  had  been  pre-cleaned 
using  silica  NP-HPLC,  was  injected  on  alumina  NP-HPLC 
and  fractionated  using  the  conditions  described  in  table 
III.  The  KPLC  UV  trace  for  the  flyash  extract  along 
with  the  fraction  collection  intervals  is  shown  In 
figure  3.  Each  of  the  collected  fractions  was 
subseguently  concentrated  to  20  microlitres  and  analyzed 
by  GC-MS .  Figures  4  through  10  show  the  reconstructed 
ion  chroma  tograms  for  the  dioxins  and  furans  in  the 
fractions  as  determined  by  selected  ion  monitoring.  The 
highly  toxic  isomers  have  been  labelled  in  their 
respective  chroma tog rams . 

As  expected,  2,3,7, a-TCDF  is  collected  in  the 
fourth  fraction.  More  importantly ,  the  majority  of  the 
other  TCDF  isomers  elute  within  the  first  three 
fractions.  A  single  TCDF  isomer  elutes  after  2,3,7,8- 
TCDF  in  the  fifth  fraction.  The  alumina  NP-HPLC 
separation  appears  to  be  very  effective  in  isolating  the 
toxic  2,3,7,8-TCDF  from  the  remaining  TCDF  isomers. 

The  majority  of  the  total  TODD  elutes  within  the 
first  two  fractions.   2,3,7,e-TCDD  elutes  between  16  and 
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Ifi  Dinutes  along  with  1,2,3,4-TCDD  and  three  other  TCOD 
isomers.  The  1,2,3, 4-TCDD  and  2,3,7,8-TCDD  are  not 
resolved  by  the  DB-5  column  however  many  other  columns 
will  resolve  these  two  isomers. 

Fraction  3  also  contains  several  other  highly  toxic 
isomers  as  indicated  in  figure  6.  Two  of  the  toxic 
P5CDFS,  1,2, 3,7,B-P5CDF  and  2,3, 4,7,8-PcDF,  are 
separated  from  the  bulk  of  the  remaining  isomers  which 
elute  largely  in  fractions  l  and  2. 

Conclusions: 

The  results  obtained  for  the  flyash  extract 
indicate  that  the  alumina  column  exhibits  considerable 
selectivity.  Many  of  the  toxic  isomers  can  be  separated 
using  a  combination  of  HPLC  and  GC  techniques .  A 
further  experiment  involving  fish  tissue  samples 
fortified  with  labelled  dioxlns  and  furans  is  currently 
underway  and  should  yield  more  information  regarding  the 
applicability  of  the  method  to  environmental  samples. 
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TABLE  I 


Lethal  Dosages  of  Selected  Dloxlns 


LETHAL  DOSAGE 
(LD50  ug/kg)* 


DIOXIM  ISOMER 

GUINEA  PIGS 

MICE 

2,7-D2CDD 

>  2,000,000 

>  8 

000,000 

2,8-D2CDD 

>    300,000 

> 

150,000 

2,3,7-T3CDD 

29,444 

> 

3,000 

2,3,7,8-T4CDD 

2 

284 

1,2,3,4-T4CDD 

>  1,000,000 

1,2,3,7,B-P5CDD 

3 

338 

1,2,4,7,8-P5CDD 

1,  125 

> 

5,000 

1,2, 3,6,7, B-HgCDD 

70-100 

1,250 

1,2,3,7,8,9-H6CDD 

60-100 

1,440 

1,2,3,4,6,7,8-H7CDD 

180 

*  taken  from  reference  1 
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TABLE  IZ 

Highly  Toxic  PCDDs  and  PCDFb 

PCDDO!  2,3,7,8-TCDD 

1,2, 3,7,8-p5CDD 
1,2,3,6,7,8-H6CDD 
1,2,3,7,8,9-H6CDD 
1,2,3,4,7,8-H6CDD 

PCDFs:  2, 3,7,B-TCDF 

1,2,3,7,8-P5CDF 
2,3,4,7,8-p5CDF 
l,2,3,4,7,e-HgCDF 
1,2, 3,6,7, S-HgCDF 
1,2, 3,7,8, g-HgCDF 
2,3,4,6,7,8-H6COF 
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TABLE  III 


Alunina  Komal  Phase  HPLC 
Gradient  Elution  Progran 


TIKE 
(■in) 

FLOW  RATE 

(mL/min) 

MOBILE  PHASE 
X    HEXANE 

COMPOS ITTON 

%  DICHLORO- 
HETHANE 

0.0 

2.0 

100.0 

0.0 

10.0 

2.0 

100.0 

0.0 

u.o 

2.0 

95.0 

5.0 

30.0 

2.0 

95.0 

5.0 

35.0 

2.0 

0.0 

100.0 

55.0 

2.0 

0.0 

100.0 

60.0 

2.0 

100.0 

0.0 

Fraction  Collection  Times 


FRACTION  # 


COLLECTION  TIME 


12  -  14 
14  -  16 
16  -  18 
18  -  20 
20  -  24 
24  -  26 
26  -  30 


S6 


PCDDs 


PCDFs 


y 


FIGURE  1:   Structure  of  PCDDs  and  PCDFs 


S6 


1.2.3.4.7.8  -  H.CDF 


2,3.7.8  -  T.CDD 
1.2,3.7.8  -  P.CDF 
1.2.3.7.8  -  P.COD 
1.2.3.4.7.8  -  H.COD 
1.2.3.4.6,7.8  -  H,CDF 


OCDD 


— -^ 


10'     BlfHI** 


1,2.3.4  -  T,CDD 
2,3,4,7  -  T.CDF 
2.3.4.7,8  -  P,CDF 
1,2,3,4.7  -  P.CDD 


O 


1.2.3.6.7,8  -  H,CDF 


-r^ '  T-  ■  -  [■ 


10'    Blniit* 


FIGURE  2:   Alumina  NP-HPLC  of  PCDDs  and  PCDFs 
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FLYASH     EXTRACT 
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FIGURE  3:   HP-HPLC  fractionation  of  flyash  extract. 
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FIGURE  4:   RIC  of  Elyash  fraction  #1. 
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FIGURE   5:      RIC  of   flyash   fraction  f2. 
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FIGURE  6:   RIC  of  flyash  fraction  #3. 
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FIGURE  7:   RIC  Of  flyash  fraction  |4. 
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FIGURE  8:   RIC  of  flyash  fraction  #5. 
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FIGURE  9:   RIC  of  flyash  fraction  16. 
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FIGURE  10:   RIC  of  flyash  fraction  #7. 
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THE   CLOSED-LOOP   STRIPPING   TECHNIQUE  APPLIED  TO  POTABLE   HATER 
TO  SOLVE  TASTE  AND  ODOUR  PROBLEMS. 

j-p.  paLmentier*,  D.  Robinson  and  V.Y.  Taguctii. 

Ontario  Ministry  of  the  Environment,  Laboratory  Services  Branch, 

P.O.  Box  213,  Rexdale,  Ontario  M9W  5L1 

The  occurrence  of  objectionable  taste  and  odour  problems  in 
potable  water  is  mainly  a  seasonal  problem  when  not  associated 
with  industrial  effluent  discharges.  Microbiological  activity  has 
been  found  to  be  responsible  for  causing  earthy-musty  odours  in 
water  especially  in  the  spring  and  fall  seasons.  Two 
compounds  identified  as  metabolites  from  microbiological  activity 
are  geosmin  and  2 -methyl isoborneol  [1,2].  Other  compounds  causing 
taste  and  odour  problems  are  2-isopropyl-3-metho3£ypyrazine,  2- 
isobutyl-3-methoxypyra2ine  and  2,3, 6-trichloroanisole  [3,4,5] . 
These  compounds  have  threshold  odour  concentrations  in  the  low 
nanogram  per  litre  levels.  Analysis  at  these  low  levels  requires 
an  alternative  method  to  the  conventional  purge-and-trap 
technique.   Such  an  alternative  is  the  closed  loop  stripper. 

Closed  loop  stripping  (CLS)  was  developed  by  Grob  in  1973  for  tha 
analysis  of  organic  substances  in  potable  water  [6],  This 
technique  involves  recirculation  of  a  headspace  gas  from  IL  of 
water  in  a  closed  system  for  2  hours.  Components  are  stripped 
into  the  recirculating  gas  and  adsorbed  onto  an  activated 
charcoal  trap.  Compounds  are  extracted  from  the  trap  using  a 
small  amount  (ISuL)  of  solvent  such  as  carbon  disulfide  or 
methylene  chloride.   An  aliquot  of  the  extract  is  analyzed  using 
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high  resolution  gas  chronatography-low  resolution  mass 
spectrometry . 

Conventional  CIS  is  limited  by  the  fact  that  only  a  fraction  of 
the  extract  is  analyzed.  To  decrease  the  detection  linita  for 
geosmin  and  raethylisotaorneol,  a  study  involving  collection  of  the 
stripped  components  onto  Tenax  GC  or  TA  or  layered  traps  with 
subsequent  thermal  desorption  of  the  trap  directly  Into  a  GC-HS 
is  in  progress.   Results  from  these  studies  will  be  presented. 

References: 

1.  Gerber,  N.N.,and  Lechevalier,  H.A.,  Appl.  Microbiol,  la  (1965) 
935. 

2.  Rosen,  A. A,  Mashni,  C. I. ,  Safferman,  R.s. ,  Water  Treat.  Exam. 
la  (2)   (1970)  106. 

3.  Gerber,  N.K.,  J.  Chem.  Ecol.  i  (1977)  475. 

4.  Buttery,  R.G.,  Seifert,  R.M.,  Gauadagni  and  Ling,  L.C. ,  J. 
Agric.  Food  Chem.  i?  (1969)  1322 

5.  Reinhard,  K.  ,  and  Mccarty,  P.C. , "Characterization  of  Organic 
Materials  at  Water  Factory  21"  in  Chemistry  in  Water  Reuse,  Vol, 
2 ,  W.  J .  Cooper  ,  ed.  ,  Ann  Arbor,  MI .  ,  Ann  Arbor  Science 
Publishers  Inc,  1981. 

6.  J.  Chromatogr.  fiA  (1973)  255. 


«s 


06 

SOLID  SItf PORTED  RBACTIOHS  IN  EHVIROMHEHTAL  ANALYSES: 
Rosenfeld  J.M.'  and  Matthew-Ahlang  F." 

1 .  Department  of  Pathology,  2.  Central  Analytical 
Laboratory,  Faculty  of  Health  Sciences,  McMaster  University; 
1200  Main  St.  H.  Hamilton  Ont.  L8N  3Z5 

lyTRQDUCTIQH: 

Solid  phase  processes  are  an  approach  to  simplifying  and 
autoiTtating  analytical  procedures  for  the  determination  of  organic 
compound B  from  aqueous  mat riK .   The  most  common  technique  is  that 
of  adsorption/desorption  on  reverse  phase  column  chromatography 
which  serves  to  isolate  and  concentrate  organics  from  aqueous 
matrix.   Isolation  and  concentration,  however,  are  frequently 
insufficient  to  achieve  the  sensitivities  for  environmental 
analysis  and  derivatization  is  frequently  required.   As  a  rule 
such  analytical  reactions  are  carried  out  in  solution  and  off- 
line which  complicates  sample  handling  and  makes  automation  more 
complex.   Solid  supported  reaction  were  investigated  to  deal  with 
problems  of  solution  derivatization  and  of-line  reactions  [1-51. 
This  work  was  based  on  che  hypothesis  that  analytical  methods 
using  complete  solid  phase  sample  preparation  technology  will 
lead  to  a  more  facile  development  of  automated  procedures. 

Determination  of  the  chlorophenoxy  acetic  acid  herbicides 
and  their  phenolic  breakdown  products  usually  involves 
derivatization  of  the  acidic  functionality.   Methylation  or 
pentafluorobenzylation  are  the  usual  reactions  used  to  prepare 
the  derivatives  .   We  investigated  pentafluorobenzylation  of 
these  analytes  on  a  solid  support  of  a  XAD-2  a  macroreticular 
styrene/divinylbenzene  cross  linked  copylmeric  resin .   In 
conjunction  with  this  derivatization  procedure  we  also  developed 
in-line  chromatographic  separation  of  derivatized  analyv«s  fffcm 
each  other  and  from  derivatives  of  interferences. 

EXPERIMEHTAL: 

Apparatus :   The  pentaf luorobenzyl  (PFB)  derivatives  of  pure 
analytes  were  determined  on  a  Helwett-Packard  (H-Pl  5790  GC 
equipped  with  a  pulse  linearized  ECD  and  a  J  &  W  fused  capillary 
column  DB-1.  30  M  X  0.321  MM  with  filtr  thickn«:SS  0.25    uM .   The 
output  of  Che  detector  was  monitored  on  a  H-P  3390A  recording 
integrator.   Hydrogen  was  used  as  a  carrier  gas  with  linear 
velocity  of  62  cm/sec  at  180" C  and  10  *  methane  in  argon  was  used 
as  a  make-up  gas  at  a  flow  rate  15  ml/min. 

t^g^qents:   Pentafluorobenzyl  bromide  (PFBBr !  was  purchased 
from  Caledon  Laboratories ,  Georgetown ,  Ontario.  The 
macroreticular  resin,  XAD-2,  a  cross-linked  copolymer  of 
styrene/divinylbenzene  was  obtained  from  BDH  Laboratories, 
Toronto,  Ontario  and  was  cleaned  and  stored  as  previously 
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described  (2,3).   Florisil  and  basic  alumina  were  purchased  from 
Supelco  (Canada)  Oakville  Ont .   Disposable  1  ml  Supelclean 
columns  used  for  packing  the  Florisil  and  basic  Alumina  semi- 
pieparative  column  and  a  vacuum  module  were  also  purchased  from 
Supelco  (Canada)  Oakville  Ont.   Solvents  were  purchased  from  the 
usual  conmercial  suppliers,  such  as  Fishtr,  BDH  and  Aldrich 
Canada.   Pure  analytes  were  obtained  from  the  E.P.A  Repository, 

All  the  glass-ware  was  silylated  by  standard  procedures. 
Glass-vare  and  plastic-ware  was  washed  with  methylene  dichloride, 

methanol,  acetonitrile  and  dried  prior  to  use. 

Preparation  of  PF9  Derivatives:   Peniaf luorobenzyl 
derivatives  of  the  pure  analytes  were  prepared  by  stirring  of  the 
organic  acid  in  acetone  with  PFBBt  with  Ki CO3  as  the  base. 
Reaction  work-up  consisted  of  evaporating  the  acetone,  extracting 
the  residue  with  CH2Clj  and  finally  washing  the  organic  phase 
with  distilled  water.   The  FFB  products  were  purified  by  thin- 
layer  chromatography  (3). 

pgjrivftt.lzatlon  and  Isolation:  Two  hundred  ng  of  XAD-2  was 
added  to  a  16X100  Rff  9cii»w  cap  vial  and  wetted  with  100  uL  of 
acetonitrile.   Four  nh    0.1  M  Phosphate  buffer  at  pH  7.4 
containing  analyte  was  added  to  these  vials  followed  by  100  uL  of 
PFBBr  in  hexane  (1/9  v/v) .   The  reaction  mixture  was  shaken  for  2 
hours  in  a  water  bath  at  40''C.   The  resin  was  iscl^rad  by 
filtration  in  a  5  mL  Supelclean  cartridge  and  washed  with 
distilled  water.   After  th&  interstitial  wat^r.  was  reroved  by 
suction  100  uL  of  acidified  2.2  dimethoxypropane  was  added  and 
allowed  to  remain  in  contact  with  the  resin  t"r    1^  minutes. 
Excess  scavenging  reagent  and  products  of  hydrolysis  (acetone  and 
rcethancl)  were  removed  with  a  gentle  stream  of  nitrogen  at  room 
temperature.   The  cartridge  was  then  inserted  linked  in  series  to 
a  1  rL  cartridge  corirainir.g  Florisil  and  a  1  mL  cartridge 
containing  basic  alumina.   Derlvatized  phenols  were  eluted  from 
the  link  with  hexant 'toluene  (99/2  v/v).   The  Florisil  and 
Alumina  columns  were  split  and  PFB-a,4  dichlorophenoxy  acetate 
was  eluted  with  hexan-^/acetone  (*9/l  v/v) 

Gaa  ChlTQPJItoaraDhv :  Samples  were  analysed  by  gas  chroma tJgraphy 
with  el.-ctron  capture  using  the  column  described  above  and  the 
following  following  temperature  conditions:   180-215''C  at 
4''C'inin:  215''C  to  JOP"C  at  20  "C  with  a  2  minute  hold  at  300  =  0. 

Reaults  qf>d  Discusaion: 

In  the  herbfide  problem  there  are  several  distinct  issues 
that  .^eed  to  be  dealt  with  in  the  development  analytical 
techniques  based  on  pentnEluorobenzylat ion  using  solid  supported 
reactions.   Firstly  rher^:  are  two  distinct  groups  of  an-slyte  that 
are  iiivolved:  the  caThcxylic  acids  rind  the  corresponding  phenols 
that  are  the  envlronrienf-il  brt-akdown  products.   Derivatizatior 
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our  hands,  the  pentaf luorobenzyl  (PFB)  ester  at    the  acid  was  not 
recovered  at  alkaline  conditions  whereas  PFB  ethers  of  2,4- 
dichlorophenol ,  2,4 . 5-trichlotophenol  and  pentachlorophenol  were 
formed  and  isolated  (Table  I) -   The  reason  for  this  is  not  clear 
but  it  was  possible  that  under  alkaline  conditions  here  may  have 
been  hydrolysis  of  2.4  dichlorophenoxy  acetic  acid  to  2,4- 
dichlorophenol .   However,  a  PFB  ether  of  the  corresponding  phenol 
was  not  recovered  from  XAD-2  supported  pentaf luorobenzylation  of 
2.4  dichlorophenoxy  acetic  acid  at  alkaline  pH.   The  problem  was 
not  investigated  further  at  that  point,  as  we  found  chat 
simultaneous  derivatizd tion  of  the  analytes  and  recovery  of  PFB 
derivatives  of  all  the  analytes  was  possible  if  derivatization 
was  carried  oat  at  pH  7.4.   These  were  the  ^nly  phenols  that,  in 
our  experience,  were  derivatized  at  pH  7.4  and  probably  reflected 
the  lowered  pKa  of  this  class  of  phenol. 

Derivatization  of  analytes  was  necessary  but  insufficient 
for  developing  methods  of  high  sensitivity.   The  organic  acid 
matrix  of  lipophilic  compounds  that  can  interfere,  even  when 
limited  to  ordinary  laboratory  reagents  and  water,  is  quite 
complex.   Separation  of  derivatized  analyte  frori  interferences 
was  an  essential  consideration - 

A  primary  requirement  of  any  separation  technique  is 
effectivt  transfer  of  analyte  to  the  chromatographic  phase.  In 
the  case  of  solid  supported  react  ion  such  transfer  involved  two 
steps:  elution  from  the  resin  in  high  yield  followed  by  transfer 
to  Che  normal  phase  without  undue  spreading  of  the  derivative 
over  the  length  of  the  column.   This  combination  of  requirements 
dictated  Che  elution  from  the  resin  in  the  ir.ost  lipophilic 
solvent  possible  and  this  required  development  of  effective 
drying  conditions. 

After  derivatization  the  reaction  products  remain  adsorbed 
on  a  surface  that  is  in  turn  coated  with  water.   This  makes 
elution  with  lipophilic  solvents  inefficient  (Fig.  1  al  by 
inhibiting  contact  of  eluant  with  the  surface  of  the  resin.   As  a 
result  50-70*  is  elut-jd  in  hexnne  and  the  remaindt-r  requires 
elution  with  more  polar  solvents.   If  the  latter  group  of 
solvents  were  uoed  to  eluto  from  the  resin  onto  the  nor.'nal  phage 
then,   not  surprisingly,  there  was  very  no  effective  separation 
of  derivatized  analyce  from  interferences. 

The  first  step  of  the  separation  problem  was  thus  reduced  to 
the  drying  of  the  rasin.   This  is  a  standard  requirement 
following  adsorption  of  analyte  from  water  using  a  reverse  phase 
Tclumns  crrnposed  cf  alkylsilica  or  XAD-2.   This  is  usually 
affected  by  heating  or  with  vacuum  in  conjunction  with  a  stream 
"f  nitrogen.   This  approach,  however,  cannot  be  used  when  dealing 
with  the  low  molecular  weight,  and  hence  volatile,  analytes  and 
derivatives  under  investigation.   Accordingly  we  tested  a 
Vilatile  water  scavenger  2 , 2-dimethoxypropane  to  dry  the  resin 
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(FiB-  2).   This  proved  to  be  effective  after  treatment  of  the 
resin  and  after  evaporation  at  low  temperature  and  at  atmospheric 
pressure  of  2 , 2-diinethoxypropane  and  it's  hydrolysis  products  it 
was  possible  to  elute  all  the  analytes  from  the  resin  in  hexane. 


CHa 

o 

CH.I 


cHj-C-CH:.    +    H>0      2  CHaOH    +   CHa -C-C 

i 

Figure  2.      Reaction  of  2.2  dimethoxypropane  with  water. 

Florisil  was  not  effective  at  separating  the  PFB  derivatives 
of  the  phenolic  analytes  frox  the  interferences  since  both  these 
products  eluted  with  hexane  (Fig.  3J .   As  a  result  a  linked 
syaterr  using  basic  alumina  as  the  normal  phase  was  investigated. 
This  phase  allowed  isolation  of  the  PFB  ethers  in  a  reasonably 
clean  isolate  (Fig  4)  5  ng/mL,   A  difficulty  was  encountered  with 
PFB-2,4  dichlorophenoxy  acetate  which  could  not  be  recovered  frorc 
this  normal  phase  ITable  1).   Thus  the  unexpected  behaviour  of 
2,4  dichlorophenoxy  acetic  acid  and  it's  PFB  derivative 
necessitated  rther  lodification  of  the  linked  system. 

It  was  proposed  that  clean-up  of  the  PFB  ethers  and  PFB 
esti-r  could  be  affected  by  a  linked  system  which  allowed 
lipophilic  eluate  fron  the  Florisil  to  be  transferred  directly  to 
a  column  of  basic  Alunina  thus  trapping  the  interferences  and 
allowing  the  PFB  ethers  to  elute.   The  link  between  the  two 
normal  phase  columns  was  then  broken  and  the  PFB-2,4 
d-.chlorophenoxy  acetate  was  eluted  from  the  Florisil  with  acetone 
in  hexane  IFig  5) . 
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ELUTIONTROFILE  FROM  RESIN 
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rlaure  1.  Elution  profile  of  derivatized  analytes  from  resin  with 
Al  no  treatnent;  B)  drying  with  2,2-diliiethoxypropanfl. 
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Figure  3.  Clean-up  of  reaction  for  derivatization  of  phenols  on 
XAD-2:  Al  Hexane  eluate  from  Florisil;  B)  Hexane/  Toluene  (99/1 
v/v)  eluace  from  FIorisil/Alumina  link.  (For  analysis  of  B 
tempreature  program  was  started  at  ITCC  to  compensate  for 
interferences  in  the  solvent  frontf.  D  =  2,4-diohlorophenol; 
T  "   2, 4, 5-tricholorophenol  and  P  =  pentachlorophenol 


Figure  4.  Determination  c-t  5  ng/mL  of  polychlorinated  phenols 
from  water:  PFB  derivatives  eluted  in  the  K«xane/Toluene  (99/1 
v.'v)  eluate  fra:^  Alumina, 
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ru 


Figure  5.  A)  Hexane/ Ace tone  (95/5  v/v)  eluate  of  blank  Bl 
Hexane/Acetone  (95/5  v/v)  eluate  of  sample  contaioitio 
2,4  Dichlorophenoxy  acecic  acid  (50  ng/nL) . 
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SYNTHESIS  AND  USE  OF  LIQUID  CRYSTALLINE  POLYSILOXANE  SUBSTRATE 
IN  CAPILLARY  COLUMN  CC-MS  FOR  ISOMER  SPECIFIC  SEPARATION  OF 
TOXIC    ISOMERS  OF  PCDD  AND  PCDF. 

K.  P.  Naikwadi"  and  F.  W,  Karasek. 

IJepartmenC  of  Chemistry.  Universiiy  of  Waiertoo,  Waierloo.  Oniario,  N2L  3GI. 


ABSTRACT: 

The  synthesis  and  characierization  of  a  variety  of  mesomorphic  (liquid 
crystalline)  side  chain  polysiloxane  subiimie  known  to  be  useful  as  gas 
chroma Eographic  stationary  phases  ,  are  described  and  discussed-  The  synthetic 
$cheme  is  based  upon  the  hydrosilaiion  reaction  that  occurs  when  precursor 
liquid  crystalline  alkene  compounds  are  contacted  with  po  1  y met hylhydrosi lane  in 
ihc  presence  of  a  platinum  catalyst.  Liquid  crystalline  polysilO!<ane  offer  unique 
seTeciiviiy  when  used  as  sutionary  phase  in  capillary  gas  chromatography 
Separation  on  such  column  occurred  based  on  the  size  and  shape  of  the  solute 
molecules.  Separation  and  quantitation  of  the  most  to^ic  isomers  of 
polychlorinated  dibenzo-p-dioxins  (PCDD)  and  dibcnzofurans  (PCDF)  generally 
requires  the  use  of  long  polar  capillary  columns,  that  are  inadequate  for 
analysis  of  total  PCDD.  PCDF.  However,  the  liquid  crystalline  polysiloxane 
capillary  column  shows  unique  selectivity  for  separation  of  2,3.7.8-TCDD  and 
TCDF,  and  analysis  of  total  PCDD  and  PCDF  in  same  GC-MS  run  can  be 
carried  out.  The  advantages  of  the  liquid  ciysialline  polysiloxane  capillary 
column  over  conventional  capillary  columns  used  in  analysts  of  PCDD  and  PCDh 
will  be  discussed. 
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latrodncllon: 

Isomer -specific  separation  of  polycyclic  aromatic  hydrocarbons  (]), 
polychlorinated  biphenyls  (PCBs)  and  insect  sex  pheromones  (2,3)  have  been 
reported  using  low  molecular  weight  liquid  crystalline  stationary  phases  in  gas 
chromatography  (GC).  Most  recently  ,  liquid  crystalline  polymers  (LCPs)  have 
been  develfiped  to  use  is  stationary  phases  in  GC  and  supercritical 
chromatography  (SFCX4-9).  There  are  several  advantages  of  LCP  stationary 
phases  over  low  molecular  weight  liquid  crystals.  The  distinct  advantage  of 
ihermal  stability  and  uniform  thin  film  formation  btoughi  in  by  their  polymetic 
nature  has  provided  the  high  efficiency  sorely  lacking  in  the  monumeric  liquid 
crystals. 

There  are  two  types  of  LCPs,  main  chain  LCPs.  ihai  contains  liquid 
crystalline  rigid  core  connected  by  flexible  spacers,  and  side  chain  LCPs. 
containing  liquid  crystalline  moieties  connected  to  the  main  chain  as  pendent 
groups.  So  far.  only  side  chain  LCPs  have  been  used  in  GC  and  SFC.  Synthesis 
and  tise  of  a  series  of  liquid  crystal  polyacrylates  in  CO  and  SFC  for  isomer 
specific  separation  has  been  reported  (4  '')  Most  recently  developed  liquid 
crystalline  polysiloxanes  (LCPSs)  have  shown  great  promises  for  separation  of 
polycyclic  aromatic  hydrocarbons  (10-I2t.  sulphur  compounds  (13).  and 
PCDD/PCDF  (14).  Thermal  stability  and  efficiency  of  LCPS  columns  has  been 
reported  to  be  comparable  to  that  of  conventional  capillary  columns.  In 
addition.  LCPSs  show  high  isomer  specific  selectivity  for  various  classes  of 
environmental  pollutants. 

In  this  paper  synthesis  of  a  series  of  LCPSs  has  been  reported.  ,^ 
method  10  develop  efficient  capillary  columns  using  LCPSs  is  described.  The 
results  of  separation  of  environmental  samples  and  standards  on  a  conventional 
column  (DB-S)  and  on  a  column  developed  in  this  study  are  demonstrated. 
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ExiitrlneaUh 

All  chemicals  were  purchased  from  Aldrich.  Tlie  PCDD  sundard  wm 
synihesised  in  our  laboratory.  Fly  aih  sample  eiirict  was  obtained  by  soxhlei 
exiraciior  of  Onnrio  fly  uh.  The  chemical  itruciures  of  all  new  monomers  and 
polysiloxanes  synihesised  were  determined  by  NMR  spectral  analysis.  General 
reaction  scheme  is  shown  in  Figure  1. 
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LIQUID   CRYSTflLLIHE    POLYSILOXRNE 
FIGURE  1.  REACTION  SCHEME  FOR  SYNTHESIS  OF  LCPSs 
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Syntlifili  af  Liquid  Crystalline  Potytiloxmet: 

A  represenlaiive  procedure  for  symhesis  of  bulcnyloxy  benioic  acid  , 
its  chloride,  alkene  monomer  and  polysiloxane  are  describe  below. 

4-B(ilcnyloxy  beaioic  acid: 

Poiassium  hydroxide  12.32  g  (0.22  mol)  was  dissolved  in  cthanol  water 
mJAlure  (300:100).  4-Hydrojiy  benzoic  acid  (13,8  g.  0.1  mol)  was  added  to 
potassium  hydroxide  solution.  Potassium  iodide  (0.1  g)  was  added  and  mixture 
was  heated  to  reflux  temperature.  4-Bromo-l-buiene  (14.8  g.  ON  mol)  was 
added  and  the  mixture  was  refluxed  overnight.  Ethanol  ( 1 50  mL)  was  removed 
by  distillation  and  the  residual  reaction  mixture  was  cooled  and  then  acidified 
using  concentrated  hydrochloric  acid.  The  solid  carboxylic  acid  was  removed  by 
filtration  and  washed  with  water.  The  air  dried  crude  acid  was  recrystallised 
from  ethanol  lo  give  10.2  g  of  plates. 

General  procedure  for  eslerifkallon  to  form  monomerk  liquid  cryslaU: 

An  alkenyloxy  carboxylic  acid  was  reacted  at  room  temperature  with  an 
excess  thionyl  chloride  containing  a  drop  of  dimethyl  formamide  to  obtained  a 
clear  solution.  The  mixture  was  then  heated  lo  SO  "C  for  2  h.  and  excess 
thionyl  chloride  removed  by  vacuum  distillation.  The  acid  chloride  was 
dissolved  in  IS  mL  of  dry  pyridine  and  equimolar  p-substiluied  hydroxy  benzene 
or  biphenylene  in  15  mL  of  pyridine  was  added.  This  mixture  was  heated  to  1(X) 
"C  for  6  h,.  cooled  to  room  temperature  and  then  added  to  ice  water,  the  solid 
separated  out  was  filtered,  air  dried,  and    recrystallised  in  a  suitable  soNeni. 

General  procedure  for  synthesis  of  Liquid  CrystalllDe  Polyfiloxane; 

Equimolar  Polymethylhydrosiloxane  (PMHS.  Fluka-U.S.A,,  Mol  Wt.  2262) 
and  liquid  crystalline  alkene  were  dissolved  in  20  mL  toluene.  This  solution  was 
bubbled  by  argon  for  30  min  at  80  ''C.  The  hexa-chloro  ptatinic  acid  (200ug) 
was  added  and  the  test  tube  capped  and  heated  for  20  h.  at  80  C.  The 
reaction  mixture  was  cooled  to  room  temperature  and  then  added  to  100  mL 
methanol.  The  solid  separated  was  filtered  and  redissolved  in  dichloromethane 
and  precipitated  in  methanol.  This  process  was  repealed  for  five  timei.  The 
LCPS  thus  obtained  was  dried  in  air  and  then  under  vacuum  for  12  h.  Using 
above  procedures    following  monomeric  liquid  crystals  were  synihesised. 
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LIQUID  CRYSTALLINE   MONOMERS 
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Cotamn  preparallon: 

Fused  silica  capillary  lubing  (20  m  X  0,.120  mm  1.  D.,  Polymicro 
Technologies.  Phoenix,  AZ,  U.S.A.)  was  washed  by  passing  10  mi  melhanol  then 
purged  by  helium  at  100  t  for  2  h.  Fused  silica  lubing  was  then  statically 
coaled  at  room  lempcraiure  using  0.3  %  (w/v)  stationary  phase  solution  in 
methylene  chloride,  Ihai  was  filiered  through  a  siantcred  glass  filter.  The 
thickness  of  the  film  was  ca.  0.2  um  The  column  was  then  conditioned  by 
heating  from  40  to  280  "C  at  2  "C/min.  The  column  was  then  tested  for  its 
chromatographic  performance  using  standard  mixtures  and  environmental  samples. 

Resullt  and  discussion: 

The  molecular  weight  of  the  liquid  crystalline  polysiioxane  obtained 
from  monomer  («6)  was  ca.  15.582.  The  melting  point  of  monomer  was  IZOt,  no 
transition  temperature  was  observed  using  the  capillary  melting  point  method. 
However,  LCP  from  this  monomer  melts  at  80  "C  and  gives  a  clear  isotropic 
state  above  260  "C.  It  is  always  very  dirficuil  to  find  accurate  transition 
temperatures  but  based  on  gas  chromatographic  properties  of  stationary  phases 
transition  temperatures  can  he  predicted.  Conversion  of  the  monomer  into  poly 
siloxane  *as  further  confirmed  by  NMR  spectra  nf  both  the  monomer  and 
polymer 

Chromatographic  petformance  of  the  l.CPS  fused  silica  capillary  column 
was  investigated  using  different  environmental  samples  and  standards.  GC-F.CD 
traces  of  a  PCDDs  reference  standard  obtained  on  a  l.CPS  column  developed  in 
this  study  and  on  a  conventional  DB-5  column  are  shown  in  Figure  2.  The 
LCPS  column  shows  better  separation  inspiie  of  shorter  column  length.  A 
comparable  column  efficiency  was  shown  by  the  LCPS  column  to  that  of  the 
DB-5  column. 

We  have  already  shown  that  the  other  type  of  liquid  crystal  column  has 
superior  selectivity  for  separation  of  2,3.7,8-TCDD  (M).  The  difficulty  with  that 
column  was  a  very  long  retention  time  (ca.  100  min.)  for  eluiion  of 
OCDD'OCDF  (10).  The  l.CPS  developed  in  this  study  have  comparable  retention 
limes  to  that  of  (he  DB-5  column  in  addition  to  better  separation. 

Comparison  of  separation  of  an  Ontario  fly  ash  extract  on  the  LCPS 
and  DB-S  column  is  shown  in  figure  J  It  has  been  shown  that  a  60  m  DB-5 
column  shows  little  separation  of  OCDD/OCDF  (15),  Similar  separation  is 
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Figure  2. 

GC-ECD  traces  of  PCDD  reference  siandard.  a:  column.  DB-S.  SO  m  X  O.j;  mm 
I  D  fused  silica  capillary,  lempera.ure  program  80  "C  for  1  m,n,.  programmed 
to  230  t  at  iS  t/min..  programmed  lo  JOO  "C  at  3  t/min,  b:  column.  Liquid 
crusalline  polysilo.ane.  iOm  X  0,32  mm  1.  D.  fused  silica  capillary,  lempetaiure 
program  150  t  for  I  min.,  prognmmed  to  250  <t  at  3  t/min. 
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rigltrt  3. 

GC-ECD      traces   of   the  Oniario   Fly   ash   exiraie.   a:   column,   DB-S.   30   m   X   0.32 

mm     T,     D.     fused     silica     capillary,     temperature     program     80     "C     for     I     min., 

prograramed  to  230  "C  at  IS  °C/rain..  programmed  to  JOO  "C  at  3  t/min, 

b:    column.    Liquid    crusalline    polysito»ane,    20m    X    0.J2    mm    I,    D.    fused    silica 

capillary,    temperature    program    80    "C    for    I    min..    programmed    to    200   "C    ai    5 

t/min.  programroed  lo  250  "C  at  2  t. 
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achieved   on   the   20   m    LCPS  column   developed   in   this  siudy.   It  can   be   seen   that 
OCDD/OCDF  are  not  separated  on  a  DB-5,  30  m  long  column. 

To  date,  all  LCPSs  developed  in  ihts  siudy  have  not  been  tested  in 
detail  as  stationary  phases,  in  particular,  for  isomer  specific  separation  of 
2,3,7.B-TCDD  and  TCDF  using  GC-MS/EESIM.  However,  those  results  will  be 
included  in  the  presentation. 
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DEVELOPMENT  OF  MOBILE  INFRARED  SPECTROSCOPY  FOR 
ON-SITE  SFEClATICm  OF  ORGANIC  HASTES 

P,  Yang*  and  J,  Oaborre,  Ministry  of  the  Environment,  Laboratory 
Services  Branch,  Trace  Organica  Section,  12S  Resources  Road, 
Rexdale,  Ontario  K9W  5L1,  Canada 


ABSTRACT 

The  stability  and  performance  of  three  Fourier  transform  infrared 
( FT- IR)  spectrometers ,  equipped  with  either  conventional  or 
corner- cube  Michel son  interferometer,  is  investigated .  Evaluation 
of  instrument  stability  is  based  on  interferogram  subtraction  and 
100%  line  interpretation.  It  is  demonstrated  that  corner-cube 
retroref lectors  compensate  for  the  interferometer  optical 
alignment  and  eliminate  vibrational  problems  in  mobile  laboratory. 
In  addition,  FT- IB  increases  the  field  capacity  and  provides  rapid 
turnaround  time  in  the  identification  and  classification  of 
hazardous  organic  wastes . 

INTRODUCTION 

The  mobile  unit  of  the  Ontario  Ministry  of  the  Environment  is 
equipped  with  state-of-the-art  analytical  instrumentation  to 
perform  on-site  analysis  of  hazardous  wastes  for  prompt  remedial 
action  and  solve  environmental  problems.  In  order  to  increase  the 
field  capacity  in  the  classification  and  identification  of 
hazardous  organic  wastes  and  to  provide  rapid  turnaround  time 
capability,  the  unit  is  investigating  the  suitability  of  a  Fourier 
transform  infrared  (FT-IR)  spectrometer  for  the  mobile  laboratory. 
In  order  to  perform  a  "real  world"  teat  we  have  installed  and 
tested  three  commercial  FT-IR  spectrometers  in  the  mobile 
laboratory  during  various  field  investigations.  The  evaluation 
was  based  upon:  a)  "bouncing  teat"  in  which  FT-IR  spectrometer  was 
shipped  to  the  destination  in  the  mobile  laboratory  and  tested  for 
the  stability  of  the  interferometer  and  basic  optical  components; 
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and  b)  the  versatility  of  each  individual  data  systema  and 
software  employed  to  facilitate  the  classification  and 
Identification  of  various  organic  wastes .  It  is  illustrated  that 
infrared  spectroscopy,  when  used  concomitantly  with  appropriate 
algorithm  can  fulfill  the  desired  goals. 

FT-IR  SPECTROMETERS 

Threa  FT-IR  spectromotere ,  namely  BOMEM  Michelson  100, 
Digilab  FTS-7  and  Nicolet  5DX  were  evaluated.  The  last  two  FT-IRa 
were  equipped  with  a  conventional  Michelson  interferometer  and 
proprietary  designed  data  system  for  optimized  FT-IR  spectral  data 
manipulation.  The  first  FT-  IR  had  a  comer -cube  Michelson 
interferometer.  An  IBM  PC-AT  (or  compatible)  data  station  waa 
us ad  to  control  the  spectrometer  and  to  perform  the  spectral  data 
manipulation.  All  three  spectrometers  were  equipped  with  a  ISOO^K 
Infrared  source,  triglycine  sulfate  detector  and  a  16-bit 
analog-to-digital  converter.  Software  adjustable  gain-ranging  was 
turned  off  in  all  three  FT-IRs;  therefore,  stability  evaluation 
performed  on  these  three  FT-IR  systems  was  reflecting  the  nature 
of  a  corner-cube  and  a  conventional  Michelson  interferometer 
FT-IR. 

INTERFEROGRAM  SUBTRACTION 

The  stability  and  repeatability  of  an  interferometer  is  best 
tested  using  Interf erogram  subtraction  approach .  It  consists  of 
subtracting  two  consecutive  one- scan  inter ferograma .  In  theory, 
difference  interferogram  will  reveal  the  short  term  stability 
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problem  of  the  interferometer,  i.e.,  repeatability  of  the  moving 
mirror  drive.  Therefore,  a  residual  center  burst  which  maintains 
the  line  ahape  (with  either  a  negative  going  or  a  positive  going 
maximum)  of  the  original  center  burst  and  with  a  value  <1%  of  the 
original  center  burst  is  considered  to  be  acceptable.  A  residual 
center  burst  with  a  derivative  line  shape  and/or  a  value  >2%  of 
the  original  center  burst  is  an  indication  of  a  short  term 
stability  problem  and  should  be  corrected  before  proceeding 
further. 

Evaluation  performed  on  the  three  FT-IRs  Indicated  no  signs 
of  such  short  term  stability  problem.  In  addition,  values  of 
residual  interferogram  obtained  from  the  two  Michelson 
interferometers  were  from  0,2  to  0.6%  and  was  about  twice  as  much 
when  compared  to  that  obtained  from  the  corner-cube 
interferometer,  which  ranges  from  0.1%  to  0.35%. 

HUNDRED  PERCENT  LINE  IWTEHPRETATIOM 

Hundred  percent  line  is  used  to  evaluate  a  poor  mirror  drive 
because  it  would  produce  random  tilting  and  perturbs  high 
frequency  component  more  than  lower  frequency  component;  thus, 
result  in  a  100%  line  which  deviates  from  the  100%  transmittance. 
In  our  experiment  all  three  FT-IRb  showed  no  such  abnormality. 
Furthermore,  noise  level  obtained  from  a  single  scan,  resolution  4 
cm''  100%  line  spectrum  from  all  three  FT-IRs  was  about  0.18%  ♦ 
0.02%  which  matched  well  with  that  can  be  generated  from  a  16-bit 
analog-to-dig it al  converter.  It  was  noticed  that  100%  spectrum 
measured  from  the  corner-cube  interferometer,  via  ratioing  single 


91 


beam  epectra  collected  before  and  after  the  trip,  had  a  deviation 
of  about  +  20%  from  the  100%  tranaralttance .  We  were  not  able  to 
obtain  a  similar  100%  line  from  the  other  two  FT-IRb.  In  fact, 
minor  optical  adjustment  was  required  to  bring  the  two  FT-IRa  to 
the  original  performing  standards. 

5PEC1ATI0N  OF  ORGANIC  WASTES 

HazardouB  waste  eamplea  normally  contain  one  principal 
component  along  with  several  minor  contaminants .  Mandatory 
separation  and  purification  is  required  to  assure  the  effective 
use  of  mass  spectrometry.  Infrared  spectrometry,  on  the  other 
hand,  reveals  functional  group  information  of  the  sample  and  is 
not  subjected  to  the  prerequisite  imposed  on  the  mass 
spectrometry.  In  addition,  the  availability  of  infrared  libraries 
and  structure  prediction  software  make  it  possible  for  an  infrared 
spectroacopiat  to  classify  and  identify  most  of  the  incoming 
organic  wastes .  Al 1  of  the  above  advantages  make  infrared 
spectrometry  an  Ideal  choice  for  on-site  organic  wastes  apeciation 
task  and  offers  a  fast  turnaround  time  that  cannot  be  matched  by 
any  other  existing  analytical  techniques. 

CONCLUSIONS 

Evaluation  performed  in  the  laboratory  shows  that  FT-IR  is  a 
valuable  tool  for  on-site  organic  waste  apeciation.  The  corner- 
cube  interferometer  FT-IR  offers  both  short  term  and  long  term 
stability  for  the  apeciation  of  organic  wastes.  The  field 
capacity  was  increased  by  at  least  a  factor  of  3. 
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MOBILE  LABORATORY:  DEVELOPHENTAL  AND  REAL  WORU}  APPLICATION 
ASPECTS 

D.  Toner*,  B.  Dalton,  D.  Morse,  K.  Horn,  P.  Vang  and  J.  Osborne, 
Ontario  Ministry  of  the  Environment,  Laboratory  Services  Branch, 
Trace  Organics  Section,  125  Resources  Road,  Rexdale,  Ontario, 
Canada,  H9W  5L1 


The  Trace  Organics  Section  of  Laboratory  Services  Branch, 
Ontario  Ministry  of  the  Environment  has  developed  a  mobile 
laboratory  to  provide  on-site  qualitative  and  quantitative 
target  volatile  organic  compounds  analysis  and  rapid 
classification  and/or  identification  of  unknown  hazardous 
wastes.  State-of-the-art  instrumentation  such  as  capillary 
gas  chromatograph,  GC/HS,  and  Fourier  Transform  Infrared 
Spectrophotometer  have  been  integrated  into  the  mobile  unit 
over  the  past  three  years.  We  present  in  this  report, 
established  criteria  for  effective  equipment  implementation 
and  operation  of  the  mobile  laboratory.  The  examples  for  on- 
site  surveys  illustrate  the  versatility  of  such  a  unit  in 
performing  real-time  sample  analysis  which  would  otherwise  be 
difficult  or  impossible  to  achieve. 


A  mobile  laboratory  is  useful  for  on-site  analysis  and  remedial 
action  of  environmental  problems,  e.g.  chemical  spills,  screening 
incoming  organic/inorganic  wastes  at  licensed  disposal  facilities 
and  industrial  effluents.   Some  of  the  advantages  of  the  mobile 
laboratory  include:  rapid  turnaround  time  -  the  time  taken  for  the 
analytical  result  to  reach  the  client;  minimal  sample  handling  and 
storage  resulting  in  good  sample  integrity;  classification  and 
identification  of  unknown  samples  and  establishment  of  client 
liaison  which  results  in  a  clearer  definition  of  the  problem. 

The  success  of  a  mobile  laboratory  depends  upon  its  design, 
instrumentation,  well  defined  analytical  protocols,  established 
quality  contol/quality  assurance  procedures  and  qualified  staff. 
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DESIGN  COHSIDERATIQMS 

The  Trace  Organics  Section's  mobile  laboratory  was  designed  to  be 
versatile.   Mandatory  requirements  include: 

Power  -  The  mobile  laboratory  is  equipped  with  separate 
circuits  for  instrumentation  and  utilities.  Each  circuit  is 
fed  by  either  shoreline  power  or  on-board  generators. 
Instrumentation  Facilities  -  Shock  mounted  platforms  are 
provided  for  instrumentation  to  combat  vibration.  Steel 
1  i  ned  cy  1  i  nde  r  compa  rtments  house  four  compressed  gas 
cylinders  which  terminate  at  four  locations  within  the  mobile 
laboratory,  with  double  end  shut-off  quick  connect  fittings. 

Pusehood  -  A  150  cfa  stainless  steel  funehood  is  located  at 
the  back  of  the  mobile  laboratory,  externally  exhausted. 
Sample  and  Standard  Storage  -  The  mobile  laboratory  is 
equipped  with  a  refridgerator  with  separate  compartments  for 
standards  and  samples.   Power  can  be  AC/DC  or  propane. 

IHSTRUHEHTATIOH 

Instrumentation  depends  upon  the  nature  of  the  investigation,  e.g. 
organic  or  inorganic  analysis ,  expected  level  and  range  of 
contamination  and  analysis  of  volatile  or  non  volatile  compounds. 
Instrumentation  must  be  rugged,  with  a  degree  of  simplicity, 
vibrations  during  travel  remain,   despite  shock  mounting,  therefore 
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adequate  precautions  must  be  taken  to  ensure  instrument  performance.  A 
bounce  test'  is  usually  wise  before  equipment  is  accepted  for  use. 
Maintenance  of  equipment  can  be  difficult  in  the  field  due  to  site 
location  and  lack  of  spare  parts.  This  type  of  problem  can  be 
minimized  by  the  instrumental  design. 

He  have  successfully  operated  the  followinc|  instruments  in  the 
field: 

1.  Automated  headspace  analyser,  coupled  to  a  capillary  gas 
chromatograph  with  an  effluent  split  to  a  flame  ionization 
detector  and  electron  capture  detector,  fully  computer 
controlled. 

2.  Automated  headspace  analyser,  coupled  to  a  capillary  gas 
chromatography  with  a  flame  photometric  detector,  fully 
computer  controlled. 

3.  A  manual  purge  and  trap  analyser,  coupled  to  a  capillary 
gas  chromatograph  with  a  mass  selective  detector,  fully 
computer  controlled. 

4 .  A  Fourier  transform  infrared  spectrophotometer,  with  a 
data  station  capable  of  a  compound  library  search. 

5.  Various  other  instruments  for  the  determination  of 
flashpoint,  pH  and  conductivity. 

AMALyTICAL  PROTOCOLS 

The  following  protocol  is  followed  for  processing  environmental 
samples  of  industrial  waste,  chemical  spills,  landfill  leachate  and 
citizen  complaints  in  the  field. 
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1.  Prelisinary  Investigation  consisting  of  (a)  Manifest  or 
Haste  Classification,  (b)  Historical  Data,  and  (c)  Odour 

2.  Screening  Techniques:  (a)  pH  -  industrial  waste,  (b) 
conductivity  -  groundwater,  (c)  flashpoint  -  flamnable 
liquids,  (d)  FTIR  Screening  -  classification  of  waste,  (e) 
mass  spectral  search  for  non  targeted  volatiles,  (f)  non 
aqueous  headspace  screening,  and  (g)  aqueous  headspace 
dilution 

3.  Routine  Analytical  and  Conf irrational  Techniques:  [a) 
aqueous  headspace  for  targeted  volatiles,  [b)  soil  headspace 
analysis  for  targeted  volatiles,  and  (c)  purge  and 
trap/GC/HSD  of  targeted  compounds.  (See  Appendix  l  for 
targeted  volatile  compound  list) 

The  Ontario  Ministry  of  the  Environment  mobile  laboratory  is 
equipped  with  state-of-the-art  equipment  to  perform  the  above  analyses. 
Complete  protocol  of  the  procedures  can  be  found  in  the  Ontario 
Ministry  of  the  Environment  methods. 

QDALITY  ASSURANCE  /  OUAI.ITV  COHTROL  lOC/OAt 

Mobile  staff  strictly  follow  Ontario  Ministry  of  the  Environment 
guidelines  and  protocols  for  QC/QA,  some  of  which  are  given  below: 

1.  Two  calibrations  per  set  of  routine  headspace  runs  (24 
samples),  one  at  the  beginning  and  one  at  the  end. 

2.  One  blank  per  six  samples. 


3.  Purge  and  Trap/MSD  confirmation  of  targeted  compounds 
identified  by  headspsce/FID/ECD. 

4 .  Random  (same  instrument)  duplicate  analysis  of 
calibrations  and  samples  for  within  run  and  between  run 
(different  instrument)  precision. 

5.  Routine  check  for  linearity  with  both  standards  and 
samples  (multi-lsvel  calibration) 

6.  Use  of  surrogate  standard  (deuterated  bromobenzene)  for 
recovery  check. 

7.  Random  external  laboratory  (typically  HOE)  confirmation 
of  results. 

8.  Daily  control  charting  of  all  targeted  compounds. 

CASE  STODIES 

Two  case  studies  are  presented  in  order  to  illustrate  the 
effectiveness  of  mobile  monitoring.  They  differ  widely  in  approach  and 
reflect  a  degree  of  versatility. 

CASE  l:  SURVEY  OP  PRIVATE  WELLS  IN  A  SHALL  COMMUNITY  FOR  SUSPECTED 
PETROLEUM  HYDROCARBON  CONTAMINATION. 

Information  regarding  the  type  and  extent  of  contamination  was 
desired  to  determine  the  possible  source (s)  of  contamination  and  the 
remedial  action  needed.  In  a  meeting  prior  to  analysis,  the  history  of 
the  problem,  and  a  map  outlining  odour  complaints  was  furnished. 

Over  sixty  residential  wells  were  tested  in  a  two  week  period. 
Analysis  revealed  that  of  twenty-three  residences  with  a  taste  and 
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odour  complaint,  nineteen  contained  evidence  of  gasoline  contamination. 
The  benzene  concentrations  ranged  fron  5  ppb  to  365  ppb.  Pump-out 
tests,  that  is  pumping  of  wells  over  time  with  interval  sampling, 
indicated  no  appreciable  decrease  in  concentration,  A  second  pocket  of 
tetrachloroethylene  contamination  affecting  four  residences  was  also 
discovered  in  an  area  that  was  historically  the  site  of  a  tannery. 
Several  potential  sources  of  gasoline  were  identified. 

Prior  to  this  survey,  carbon  filtration  units  for  each  affected 
residence  was  being  considered  for  remediation  of  the  problem.  This 
was  based  on  routine  laboratory  analysis,  performed  prior  to  the  mobile 
survey,  which  showed  only  two  affected  residences  for  the  sixty-nine 
sampled.  Remediation  was  later  changed  to  a  new  drilled  water  supply 
and  distribution  system  after  the  mobile  survey. 

CASE   2:   ON-SITE  ANALYSIS  OF  LIQUID  INDUSTRIAL  WASTE   HAULERS   AT  AN 
INTERNATIONAL  BORDER. 

This  was  a  joint  effort  between  the  Investigation  and  Enforcement 
Branch  of  the  Ontario  Ministry  of  the  Environment  and  the  Environmental 
Protection  Agency  of  the  United  states. 

Two  mobile  laboratories  were  requested  for  this  survey  to  perform 
the  following  tests: 

1.  pH  and  flashpoint  were  used  to  determine  classification 
of  acidic,  basic  or  flammable  waste  -  typical  turnaround  time 
of  <15  minutes. 

2.  Heavy  metal  and  cyanide  dip  tests  with  treated  paper  to 
screen  samples  for  further  Laboratory  Services  Branch 
analysis  of  these  parameters  -  typical  turnaround  time  <15 


minutes. 

3.  Fourier  transform  infrared  spectroscopic  analysis  -  used 
to  screen  samples  for  principle  components  in  accordance  with 
the  nanifeat  reported  -  typical  turnaround  time  <20  minutes. 

4.  Headspace/capillary  gas  chromatograph/FlD/ECD  analysis- 
used  to  screen  samples  for  volatiles,  specifically 
chlorinated  compounds. 

5.  Purge  and  Trap/capillary  gas  chromatograph/mass  selective 
detector  analysis  -  used  for  aqueous  samples  received,  as 
another  tool  in  conjunction  with  the  headspace  and  FTIR 
analysis. 

over  sixty  legal  samples  were  processed  in  three  days,  with  strict 
adherence  to  legal  protocol  and  continuity.  In  the  majority  of  cases, 
manifest  screening  was  completed  before  the  safety  inspection  of  the 
vehicle  was  complete. 

t.n,rniRK  CONSIDERATIONS 

The  increasing  demand  for  on-site  analysis  required  for  remedial 
action  of  environmental  problems  ha3  resulted  in  progress  to  expand  the 
capabilities  of  the  mobile  laboratory  and  meet  the  demands  of  the 
Ontario  public.   This  expansion  includes: 

1.  Increased  target  compound  list  for  mass  selective 

detection. 

2.  Use  of  retention  indicies  as  a  more  conf  irmational 

analytical  protocol  for  headspace  analysis. 


99 


3 .   Micro-sized  sol  id  phase  extractions  for  PCB ■ s  and  PAH ' s 
in  aqueous  and  waste  media. 

1,   Dynamic  thermal  stripping  for  HSD  analysis  for  PCB's  and 
PAH's  in  aqueous  and  solid  media. 

5.  Dynamic  headspace  for  quantitative  analysis  of  volatiles 
in  soil. 

6.  Instrumental  evaluation  of  portable  X-Ray  fluorescence 
for  identification  of  inorganic  contamination. 
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APPENDIX  1 


TARGETED  VOIATILE  CQMPOUMDS 


Trana-l , 2-Dichloroethylene 

1 , l-Dichloroethane 

Chloroform 

1,1, l-Trlchloroathane 

Benzene 

Carbon  Tetrachloride 

Hromodichlorome thane 

Trichloroethylene 

1 , 2-Dichloropropane 

Toluene 

1,1, 2-Trichloroethane 

Tetrachloroethylene 

Ch 1 orod  i  bromomethane 

Chlorobenzene 

Ethylbenzene 

Bromoform 

H/P-Xylene 

0-Xylene 

1,1,2,2 -Tetrachloroethane 

Naphthalene 

1, 4-Dichlorobenzene 

1 , 3-Dichlorobenzene 

1 , 2-Dichlorobenzene 

Detection  LiniC  is  2.0  ppb  for  headspace  and  l.o  ppb  for  Purge  and  Trap 

HQH  ROUTIME  COMPOUNDS 

Sulphur  Compounds 

Ketones,  Acetates,  Esters,  Alcohols 

Other  Aromatics  -  di,  tri  and  tetra  methyl  benzenes 

Dowtherm  -  mixture  of  biphenyl,  biphenyl  oxides  and  methyl  biphenyls 
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Hrglospecirie  Synlhciei  of  All  lioncric  NilrofluoffooDes  and  Nllronuorenei  by  TMOsillon  Melal 
CaUlyied  Cross  CoupltnB  Reaction? 

T   IJhama.'  J.-ra.  Hu,  M   Bourguignon,  V.  Snicckus* 

Ouclph-Waierloo  Cenire  for  Graduaie  Work  in  Chemistry,  University  of  Waterloo.  Waterloo, 

Ontario.  Canada    N2L  3GI 


INTRODDCTION 

Nilro  polyeyciic  aromatic  hydrocarbons  (Niero-PAH|  are  environmcnial  pollulants  which 
have  been  increasingly  delected  in  urban  ambient  aii  particulates,  diesel  ethausl  emissions,  fly  ash. 
photocopier  fluids,  and  cigarette  smoke."  The  aecumuluiing  evidence  of  the  wide  environmental 
distribution  of  nitro  polycyclic  aromatic  hydrocarbons  (PAN)  and  the  discovery,  in  1980.  of  their 
poioni  dire«(  acting  mutagenicity  has  prompted  increased  activity  in  the  detection,  identification. 
and  quaniitaiion  of  these  Ionic  materials.-  Of  Ihe  over  200  nilro  PAH  which  have  been  recognized. 
[he  niirofluorcnes  constitute  one  of  the  most  poienl  mutagenic  classes  whose  identification  and 
metabolism,  currently  under  intense  study,    require  pure  analytical  standards. 

Available  methods  for  the  syntheses  of  nitrofluorcnes  are  based  on  classical  electrophilic 
niiralion  which  provides  the  2-nitro  isomer  in  good  yield  but  which,  depending  on  conditions,  leads 
lo  mixtures  of  isomeric  mononilro  products  (including  4-niiroriuorene)  requiring  tedious  separation 
and  purification  procedures,"  In  order  to  provide  high  puniy  samples  obligatory  for  anal>tical  and 
biological  work,  we  have  developed  and  report  herein  a  new  regiospecific  and  convenient  route  to 
alt  isomeric  nitrofluorenoncs  and  niirofluorenej  which  is  ha-ied  on  the  Pd(0)-caialy7ed  cross 
coupling  methodology  for  biaryls  under  investigation  in  out  laboratory. 
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RESULTS  AND  DISCUSSION 

Treaimeni  of  phenyl  boronic  acid  la  wilh  the  bromo  nitrololuenes  2«-c  under  the  modified 
Suzuki  conditions'*'^  afforded  Ihe  meihyl  niirobiphenyts  4«-c  in  high  yield  (Scheme  1),  I-meihyl- 
2'-nitrobiphenyl  44  was  similarly  prepared  by  coupling  the  Z-meihylphenylboronic  acid  lb  with  1- 
bromo-2-niirobenzene  3,  Reaction  of  -la-d  with  NBS  yielded  the  benzyl  bromides  S«-4  which. 
when  subjected  to  a  standard  two  siage  oxidation  procedure'  using  A8NO3/KOH  and  KMnO^. 
provided  the  carboxylic  acids  Ta<d,  PPA  cyclizaiion  led  smc>othly  to  the  nitrofluorenonei  8a-d. 
EijSiH/TKA  reduction"  was  found  10  be  unsatisfactory  for  all  except  the  4-nitrofluorenone  8d 
which  led  to  the  corresponding  niirofluorene  lOd  in  modest  (39%)  yield. 


CHjBl 


To  circumvent  the  reduction  problem,  ihe  ben/yl  bromides  5a-d  (Scheme  2)  were  converted 
into  the  carbinols  9a-d  via  the  respective  unisolated  acetate  intermediates.     Direct  cyclizaiion  of 
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9i-c  wilh  PPA  provided  ihe  niirirfluorenes  IO»-c  in  ewellent  yields  while  9d  led  only  to  polymeric 
material.  Thus  although  the  acylium  ion  Friedcl-Crafis  cycliiaiton  of  7d  occurs  readily  to  give  the 
riuorcnone  8d,  the  carbenium  ion  derived  from  the  corresponding  carbinol  9i  undoubtedly 
undefgoes  more  facile  inietmolecolar  elecirophitic  substitution  rather  than  intramokcular  reaction 
into  Ihe  deactivated  nitrobenzene  ring 

In  summary,  this  work  provides  easy  access  lo  I-,  2-,  3-,  and  4-niiro-riuorcnoncs  Bi-d 
(31-  46%)  and  -fluorencs  10«-d  in  (12  -  67%)  overall  yields.  Although  the  route  to  ICId 
somewhat  inefficient,  all  nitro-fluorenone  and  -fluotene  products  are  obtained  as  single  isomers 
whose  ullrn  purification  is  not  froughl  wilh  the  difficulties  of  separation  of  Irace  quantities  of 
contaminating  isomers. 


5  a  ■  d 


!   KOAc  I  HOAc 


0,N 


Jv^CH,t3M 

aicepl 

9d 

*f^ 

1 

0,H    = 

9a-d 

10a  -  d 

•:  3  NO, 

c:  SNO, 
d:  r-HOj 

B:  1  no, 

b:  2  NO, 

e:  3  NO, 

d:  *HOi 

Scheme  2 

MATERIAl^  AND  METHODS 

Melting  points  were  determined  on  a  Buchi  SMP-20  melting  point  apparatus  and  ate 
uncorrected.  Infrared  spectra  were  recorded  on  a  Perkin-Elmer  983  infrared  speeirophotomeicr 
'h  NMR  spectra  were  recorded  on  AC-200  or  AM  250  spectrometers  using  teiramethyUilane  as 
internal  standard.  Mass  spectral  measurements  were  performed  by  Dr.  R  Smith.  McMaster 
University,  Hamilton,  Ontario.  Canada. 

All  hromonilroioluenes  and  phenytboronic  acid  were  obtained  from  Aldrich  Chemical  Co. 
while  l-bromo-2-ntirobenzene  and  3-bronioioluene  were  purchased  from  Lancaster  Synthesis  Ltd. 
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Poly  phosphoric  acid  (PPA)  (practical  grade)  was  purchased  from  Manufaciuring  Chemists,  Inc. 
Dimeihoxyethane  (DME)  was  purified  by  distillaiion  over  CaHj  under  nitrogen.  Unless  otherwise 
indicated,  standard  workup  is  equivalent  to  the  following  operation:  the  reaction  mixture  was 
treated  with  water  or  saturated  aq.  NaCI  and  exiracted  with  CHCIj;  the  organic  extract  was  dried 
with  MgSOi  and  evaporated  to  dryneis  in  vacuo. 

PrtparatloD  of  Methyl  NitrobI phenyls  4b-i1  and  6b;    General  Procedure: 

2-Melhy[-3-oUroblphenyl  (4«).  To  a  soluiion  of  Pd(PPh3)4  (1.049  g.  0.91  mmoU  in  DME  was 
added  a  solution  of  2-bronio-6-niiroioluene  (4.054  g.  18.77  mmoi)  in  DMB  (60  mL)  and  ihe 
mixture  was  stirred  for  15  min  under  nitrogen.  A  solution  of  phenylboronic  acid  (3.451  g,  28.30 
mmoll  in  EtOH  (15  mL)  was  added,  Ihe  mixture  was  stirred  for  10  min  and  Ihen  trt^aied  with 
aqueous  NhtCO-j  (2M,  80  mL),  The  resulting  solution  was  reflu.wd  for  20  h,  cooled,  and  the 
organic  layer  was  separated.  Standard  workup  followed  by  chromatography  (hexane:benzene,  5:1) 
afforded  3,84g  g  (96%)  of  4«.  mp  72-73"C  (Eljahexane)  (Lit.*  mp  72.5-73°C);  IRfCHClj)  w(max) 
1528.  1353  cm"';  'h  NMR  (CDClj)  4  2.3S  (s.  JH.  CHj),  7.36-7,49  (m.  7H,  ArH).  7.79  {d,  J  -  7.0 
m.  IH,  ArH);  MS  m/e  (rel  iniensiiy)  213  (M.  68).  196  (100),  165  (78).  152  (43). 

According  to  the  above  procedure,  the  following  compounds  were  prepared: 

2-Mctbyl'4-iiltrobiphenyl  (4b),  Z-Bromo-S-niirotoluene  (5.016  g.  23.22  mmol),  phenylboronic  acid 
(4.232  g.  34.71  mmol).  PdfPPh3)4  (1315  g,  1.14  mmol);  yield:  93%;  mp  Si-56'C  (Etjabexane) 
(Lit.*  mp  S5-56*C):  IR  (Nujol)  i^iiiax)  ISIS.  1344  cm"';  'h  NMR  (CDCI3)  £  2.36  (8,  3H,  CHj), 
7  25-7,50  (m.  6H,  ArH),  8,08  (dd.  J  -  8.3.  2.2  Hz.  IH.  ArH),  8.14  (d,  J  =  2.2  H/,  IH,  ArH);  MS 
m/e  (rel  intensity)  213  (M.  100).  165  (40).  152  (34), 

Z-Mcihyl-S-nitrofaipheayl  (4c).    2-Bromo-4-nllrotoluene  (3.9S6  g.  18.30  mmol).  phenylboronic  acid 

(3.360  g.  27,56  mmol).  Pd(PPh3)4  (1.067  g.  092  mmol);  yield:  99%;  mp  76-77''C  (EljOihexane) 
(Lit.'"  mp  75.5  -  76.S°C);  IR  (CHCI3)  iKmax)  IS19.     1348  cm"';   'h  NMR  (CDCI3)  S  2,36  (I,  3H. 
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CHjt.  7.26-7.48  (m,  6H.  ArH),  8.08-8.11  (m.  2H,  ArH);  MS  m/e  (rel  inwnsity)  213  (M.  100),  I6S 
CS9).  152  (37J. 

2-M(lhyl-l'-altrobiphcn>'l  (<d)  l-BrDmo-2-niirobenzeM  (1.010  g,  S  mmol),  (;-methyl- 
phenyDboronic  acid  (0.952  g,  7  mmol)  (ptcparfd  from  2-broinotoluene  via  metal -halogen 
eichange  with  n-buiyllitKium  and  quenched  wiih  tcimethyl  borate  and  acidic  workup),  Pd(PPhj). 
(0.389  g,  0,2S  mmol);  yield:  96%;  mp  63.5-64.5X  (pentane)  (Lit."  mp  63-64X);  IR  fCHCIj)  i^max) 
1S22.  1351  cm"';  'h  NMR  (CDCI,)  S  2.10  (s.  3H.  CH3).  7.08-7.35  (m.  5H.  ArH).  7.47-7.67  {m. 
:H,  AfH),  7,96-8.01  (dd.  J  -  14,  8.0  Hi.  IH,  ArH);  MS  m/e  (ret  intensity)  213  (M,  31).  196  (58), 
183  (63).  165  (100),  152  (28). 

2-Formyl-4-Nltrobl|iheByl  (6b).  2-Bromo-5-niiro-benz3ldehyde  (1.150  g,  5.00  mmol).  phenyl- 
boronic  acid  (0.854  g,  7.00  mmol).  Pd(PPh3)4  (0.231  g.  0.20  mmol);  yield  95%;  mp  74-74.5*C 
(hexane);  IR  (CHCI3)  t^max)  1691.  1525;  1347  cm"';  'h  NMR  (CDCI3)  fi  7.40-7.69  (m.  6H.  ArH). 

8  45-8,50  (dd.  J  -  2.5,  8.4  Hz,  IH,  ArH),  8,85  (d,  J  =  2.4  Hi,  IH.  ArH),  10.00  (s,  IH.  CHO);  MS 
m/e  (rel  intensity)  227  (M.  85).  180  (46),  153  (100);  HRMS  Calcd:  327,0583.    Found:  227  0579. 

Preparation  of  Bromomelhjl  MtrobipheoyU  Sa-d;    General  Proccdnn: 

3-Broroomeihyl-3-Nltroblph*nyl  (5«),  A  solution  of  2-meihyl-3-niirobiphcnyl  (0,382  g,  1.79 
mmol),  N-bromosuccinimide  (0.333  g,  1.87  mmol).  and  a  Te*  crystals  of  benzoyl  peroxide  in  CCI4 
(15  ml.)  was  refluKed  (36  h),  cooled,  treated  with  benzene  (50  mL).  and  the  whole  was  filtered  and 
evaporated  to  dryness  in  vacuo.  The  crude  material  was  chromaingraphed  (hexane:ElOAc.  20:1)  to 
give  0.490  g  (94%)  of  5a.  mp  7:,5-73"C  (El^ahexane);  IR  (Nujol)  j/(max)  1516.  I3S4.  1223  cm"'; 
'h  NMR  (CDCI3)  S  4,71  (s,  2H.  CHj).  7.54-7,38  (m.  7H.  ArH),  7.96-7.88  (m.  IH.  AfH);  MS 
m/e  (rel  iniensily)  293  (M  +  I.  2).  291  (M  -  1,  2).  212  (61),  166  (63),  165  (100);  HRMS  Caicd: 
290.9895.    Found:  290.9892. 
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Using  ihe  above  procedure,  the  following  compounds  were  prepared: 

I-BrDBiomcth)>l-4'NllrobiphcDyl  (5bJ.  2-Meth>l-4-nitrobiphenyl  (4.313  g,  20.23  mraol),  NB.S 
(3.788  B.  21.28  mmol);  yield:  73%;  mp  8B-88.5*C  (Eljahexane);  IR  (Nujol)  uimux)  ISOS.  1347 
cm"';  'h  NMR  (CDC!3)  *  4,46  (s,  2H.  CHj).  7.40-7.55  (m.  6H,  ArH).  8,18  (dd.  J  -  :,4,  8.S  Hz, 
IH,  ArH),  8.41  (d.  J  =  2.4  Hz.  IH.  ArH);  MS  m/e  (rel  intensity)  293  (M  *  1.  16).  291  (M  -  1.  16), 
212  (63),  166  (100).  165  (74);  HRMS  Calcd:  290.9895     Found:  290,9889, 

2-Broraonelhyl-S-Nltroblph«nyl  (5c).  2-Meihyl-5-nilrobiphenvl  (0.416  g,  1.95  mmol).  NBS  (0.365 
g,  2.05  mmol);  yield:  76%;  mp  59-S9.5*C  (EtjOhesane);  IR  (Nujol)  t<mait)  1516.  1354  cm"';  'h 
NMR  (CDCIj);  4.44  (s,  2H).  7.4-7,5  (m.  5H.  ArH),  7.70  (d.  J  -  8.5  Hz.  IH.  ArH).  8.14  (d,  J  -  2.4 
Hz.  IH,  ArH).  8,20  (dd.  J  -  2.4,  8.5  Hz,   IH.  ArH),  MS  m/e  (rel  intensity)  293  (M  +   1.  7).  291  (M 

-   1.  7).  212  (59),  166(78),  165  (100);  HRMS  Calcd:  290.9895.    Found:  290.9881. 

2-Bromomelhyl-2-NlIroblphe»yl  (Sd).  2-Meihyl-2-nitrobiphcnyl  (0.411  g.  193  mmol).  NBS 
(0.358  g.  2,01  mmol);  yield:  75%;  mp  83-83. 5*C  (Etjahexane)  (Lit.'^  mp  77-79°C);  IR  (Nujol) 
vimax)  ISI7.  1354  cm"';  'h  NMR  (CDCI3)  6  4,17  (d.  J  -  10.4  Hz.  IH.  CHjBr),  4.41  (d.  J  -  104 
Hz,  IH.  CH2Br),  7.10  (dd.  J  -  1.3.  7.5  Hz,  IH,  AiH),  7,20-7.70  (m.  611,  ArH),  8.04  (dd,  J  -  1,2, 
g.t  Hz,  IH,  ArH);  MS  m.e  (rel  inicnsiiy)  293  (M  *  1.  U,  291  (M  -  1.  I).  212  (40),  166  (100).  16S 
(65). 

Preparation  of  Formyl  N)iroblpheii>li  6a-d:    General  Procedure: 

2-Formyl-3-N)troblphcayl  (6a).  To  a  solution  of  2-bromomeihyl-3-nitrobiphenyl  (5a)  (1.069  g, 
3.66  mmol)  in  dioxane  (SO  mL)  wai  added  a  solution  of  siWer  nitrate  (2.555  g.  15.04  mmol)  in 
water  (5  mL)  and  the  whole  was  stirred  at  room  temperature  for  18  h.  The  reaction  mixture  was 
filtered,  the  residue  was  washed  with  EtOAc,  the  filiraie  was  treated  with  water,  and  Ihe  organic 
layer  was  separated.  The  aqueous  layer  was  extracted  with  EtOAc  (2  *  70  mL)  and  the  combined 
organic  layer  was  subjected  to  standard  work  up      Chromatography  (hexane-ElOAc,   15:1   —     IO:li 
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afforded  0.773  g  (77%)  of  l-allralOBcthTl-J-aliroMphcByl  which  was  used  without  further 
purification.  To  a  solution  of  ihis  maierial  (0.673  g.  2,46  mmol)  in  dioxane  (40  mL)  was  added  a 
solution  of  KOH  (2.257  g.  40J0  mmol)  in  w«er.  The  mixture  was  stirred  at  room  tempetaiure  for 
20h,  poured  into  water  (50  mL),  and  the  r«suUing  solution  was  treated  with  saturated  aq  NaCI.  The 
whole  was  extracted  with  CHjClj  (3  x  50  mL)  and  the  extract  was  dried  (MgSOj)  and  evaporated 
in  vBcuo.  Chromatogmphy  (hexane;ElOAc,  10:1)  furnished  0,518  g  (93%)  of  6».  mp  77.5-78'C 
(EljOhexane);  IR  (Nujol)  Kmax)  1705,  IS28.  1345  cm"';  'h  NMR  (CDCI3)  t  7.29-7,35  (m.  2H. 
ArH),  7.43-7.50  (m.  3H.  ArH).  7.65-7.74  (m.  2H.  ArH),  7.88-7.95  (m.  IH,  ArH),  10.20  (i.  IH, 
CHO);  MS  m/e  (rel  intensity)  227  {M.  I).  152  (100);  HRMS  CalcA"  227.0583.    Found:  227.0586. 

2-Foraiyl-4-NllroltiphcByl  (6I>),      2-Bromomelhyl-4-nitrobiphenyl   (1.847   g.   6,32  mmol);   AgNO, 

(4.401  g.  25,91   mmol);  KOH  (5.419  g,  96.59  mmol);  yield:  82%.    This  compound  was  shown  (mp, 

H  NMR)  10  be  identical  with  a  sample  prepared  by  the  cross  coupling  procedure  described  above. 

2-Formyl-S-Nllroblphenyt  (6e).  2-Bromomethyl-5-nitrobiphenyl  (0.227  g,  0,78  mmol),  AgNO, 
(0.552  g.  325  mmol),  KOH  (0,630  g.  11.23  mmol);  yield:  71%;  mp  100-107°C  (Etjahexane);  IR 
(Nujol)  i^max)  1686.  1520,  1343  cm"';  'h  NMR  (CDCtj)  S  7,35-7.56  (m,  5H.  ArH),  8  17  (d.  J  - 
8.4  Hz,  IH.  ArH).  8.25-8.35  (m,  2H.  ArH).  10.0  (s.  IH.  CHO);  MS  m/e  (rel  intensity)  227  (M.  92). 
226  (M  -  I.  78),  ISO  (30).  152  (100);  HRMS  Calcd:  227.0583     Found:  227.0586. 

I-Forniyl-2-Nltrobipheiiyl  (M).  2-Bromomethyl-2'-niirobiphenyl  (0.372  g,  1,27  mmol).  AgNO, 
(0.886  8.  S.21  mmol).  KOH  (L128  g,  20.11  mmol);  yield:  69%;  mp  72-73*C  (Et20:hexane).  IR 
(Nujol)  Mmax)  1690.  1520.  1268,  1246  cm'';  'h  NMR  (CDCI3)  S  7.2-7.8  (m.  6H.  ArH),  7.9-8,15 
(m,  2H).  9.86  (s,  IH.  CHO);  MS  m/e  (rel  intensity)  227  (M,  I),  181  (100).  152  (100);  MS(CI)  m/c 
245  (M*  ♦  NH4). 
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Prep«r»(Ion  of  C«rboxy  NItrobiiiheiiyli  7a-d;  General  Procedure: 

2-C«rbo)iy-3-Nhroblphenyl  (?■).     To  a  solution  of  2-rormyl-3-nitrobiphenyl  (6a)  (0.47S4  g.  2  09 

mmol)  in  acetone  (20  mL|  was  added  a  soluiion  of  KMn04  (0.498  g,  3.15  mmol)  in  waier  (2S  mL) 
and  ihe  miitmre  was  siirred  ai  room  temperaiure  for  4  h.  t(  was  treated  with  5%  aq  NajSO,  (50 
mL),  acidified  (cone  HCl).  and  the  whole  was  extracted  with  CHCIj  (3  x  50  mL)  The  organic 
extract  was  washed  with  water  (50  mL)  and  extracted  with  10%  aq  NaOH  (2  x  30  mL).  The 
alkaline  extract  was  washed  with  CHCIj  (30  mL),  acidified  (cone  HCl  with  ice),  and  the  resulting 
solution  was  extracted  with  CHCI3  (3  x  JO  mL)  The  organic  layer  was  washed  with  water  (SO 
mL).  dried  (MgSOj).  and  evaporated  10  dryness  to  give  0.436  g  (86%)  of  7a,  mp  203-.203.5*C 
(CH2a2;hexane)  (Lit-''  mp  200,5-20 1. 5-C);  [R  (Nujoi)  Kmax)  17D2,  1537  cm"';  'h  NMR 
(CDCI3)  i  7.3-7.7  (m,  7H.  ArH).  8,12  (dd,  J  -  15.  7.9  Hi.  IH.  ArH);  MS  m/e  (rel  intensity)  243 
(M,  96),  226(15),  196(23),  195  (27),  152(95),  MS  (100). 

According  to  the  abnave  procedure,  the  following  compounds  were  prepared: 

I-CBfboxy-4-Nllroblphenyl  (7b).  2-Formyl-4-nitrobiphenyl  (0.227  g,  1,00  mmol),  KMn04  (0.237 
g.  1.50  mmol):  yield:  72%;  mp  172,5-17d*C  (CHjCl^xycloxhexane)  (Lit.'*  mp  173-C);  IR  (CHCI3) 
Kmax)  3425  (br),  1710,  1524.  1346  cm-';  'h  NMR  (CDCI3)  5  7,32-7.46  (m.  5H,  Arid,  7,5Md,  J- 
8.5  Hz.  IH.  ArH),  8.3B-8.43  (dd.  J  -  2.4.  8.J  Hz.  IH,  ArH},  8.B0  (d,  J  -  2,4  Hz.  IH,  ArH);  MS 
m/e  (rel  intensity)  243  (M,  100),  226  (37),  152  (29). 

I-Carboxy-S-Nltroblpheoyl  (7c).  2-Formyl-S-niirobipheny!  (0,109  g.  0  48  mmol).  KMnOj  (0.116 
g.  0.74  mmol);  yield:  98%;  mp  iSO-lgl'C  (CH,Ci2:hexane)  (Lii.'^  mp  I80*C);  IR  (Nujol)  i^max) 
3200.  1688.  1521.  1308  cm"';  'h  NMR  (CDClj)  i  7.3-7.5  (m,  5H,  ArH),  8  10-B.3S  (m.  3H.  ArH); 
MS  m/e  (rel  intensity)  244  (M  +  1,  15),  243  (M.  100).  236  (35).  152  (47). 


110 


2-C«rboxj-2'-NItrobl|ih*q»l  (Id).  :-Foimyl-2'-nitrobiphenyl  (0191  g.  0  84  mmol).  KMnO^  (0.20i 
g,  1-29  mmol);  yield:  90%;  mp  I70-I70.5"C  (CHjCIjihenane}  (Lii.'*  mp  168'C);  IR  (Nujol)  i<max) 
3411.  1690.  1677.  1517,  1345  cm-';  'h  NMR  (CDOj)  i  7.20-7.25  (m.  2H.  ArH).  7.40-7.65  (m.  4H. 
ArH),  8.0S-.8.I5  (m.  2H.  ArH);  MS  m/e  (rel  inlensity)  243  (M.  I).  197  (100),  152  (Ig). 


Prcpararlon  of  Nilroriuorcnonci  Sa-c;    General  Melhod: 

l-Nllrofluorcnonc  (8a).  A  mixture  of  2-carboxy-3-nitrobiphenyl  (7«)  (D.383  g.  I  58  mmol)  and 
polyphosphoric  acid  (6,126  g,  18.10  mmol)  was  heated  ai  160"C  for  5  h,  cooled  lo  room  lemp.  and 
poured  inio  a  mixture  of  10%  aq  NaOH  in  ice  (50  mL).  Standard  workup  followed  by 
chromatography  (PhH)  gave  0.221  g  (62%)  of  8a,  mp  189-189.5X  (CH^Cljihexane)  (Lit.'^  mp 
188,5-189.5'C):  IR  INujol)  v(max)  1716.  1532.  1360  cm"';  'h  NMR  (CDCI3)  i  7,39  (ddd.  J  -  7  3, 
6.3,  2.3  Hi,  IH,  ArH),  7.5-7.7  (m.  SH.  ArH).  7.76  (dd,  J  -  7.1.  I.4  Hz.  IH,  ArH). 

1  he  following  compounds  were  prepared  according  10  the  general  method  given  above: 
2-NUroriuoreBoiie  (8b).      2-Carbo«y-4-nitrobiphenyl  (0.IS3   g.   0.60   mmol),   PPA   (2.360   g.   7.00 
mmol);  yield:   66%;   mp   222-223X  (CH2Cl2:hexai»e)   (Lit'^   mp   219-220*0;   IR   (CHCI3)  ;^max) 
1724,   1528.    1340  cm'';   'h  NMR  (CDCI3)  S  7.41-7.63  (m,  3H.  ArH).  7.77-7,81   (m,    IH.  ArH). 
7.93-8.05  (m,  IH.  ArH). 

.l-NltroriuoreooDe  {8c).  2-Carboxy-3-nlirobiphenyl  (0.100  g,  041  mmot),  PPA  (1.512  g.  4,47 
mmol);  yield;  88%;  mp  23S-235.3*C  (CH2Cl2:tiexsne)  (Lit.''  mp  232'C);  IR  (Nujol)  l^ma)^)  1708, 
1527,  1350  cm-':  'h  NMR  (CDCIj)  S  7.43  (ddd.  J  -  7.1.  7,1,  1.7  Hz.  IH.  ArH).  7.55-7.8  (m.  3H. 
ArH).  7.81  (d.  J  -  8,0  Hi,  IH.  ArH).  8.20  [dd.  J  -  SO.  1.9  Hz.  IH.  ArH).  8.35  (d.  J  -  1.9  Hz,  IH, 
ArH). 
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4-NiirofluoreDoo*  (8d).  2-Carbo;(y-I'-nitrobiphenyl  (0.165  g.  0.68  mmol),  PPA  (2.J77  g,  7,33 
mmol);  yield:  77%;  mp  174.174.5'C  (CHjCljihenanel  (Lit,"  mp  172.5- 173'C);  IR  (Nujol)  i^max) 
1723,  1521.  1306  cm"';  'h  NMR  (CDCIj)  S  7.4-7,65  (m,  3H.  ArH).  7,79  (dd,  J  -  7.3.  1.3  Hi,  IH. 
ArH),  7.95  (dd,  J  -  7.3.  I.I  Hz.  IH.  ArH),  800-8,05  (m.  2H.  ArH). 


Preparation  of  Hydroxymelhyl  Nllrobiphcayli  9a-d;    CcBarsl  Procrdurc 

2-H}drox)iiicthy)-5-Nllrobiphenyl  (9c).  A  solution  of  2-bromomelhy1-S<nitrobiphe[iyl  (0.747  g, 
2.55  mmot  and  KOAc  (0.512  g,  3.22  mmol)  in  HOAc  (10  mL)  was  refluxed  for  4  h,  cooled,  and 
treated  wiih  waier  (50  mL).  The  mixture  was  exiracied  with  CHCI-j  (3  k  50  mL)  and  ihe  organic 
layer  was  successively  washed  with  water  (50  mLI  and  saturated  aq  NaHCOj  (50  mL).  dried 
(MgSO^),  and  evaporated  to  dryness  in  vacuo  The  crude  2-actlo)cymethyl-5-nitrob[pheHyl  was 
dissolved  in  an  ElOH  (5  mL)-THF  (IS  mL)  mixture.  IN  aq  NaOH  (3.B  mL)  *as  added,  and  the 
mixture  was  stirred  at  room  temp.  Tor  12  h.  Standard  workup  and  chromatography  (hexane-EtOAc, 
4:1  -  3:1)  afforded  0.523  g  (89%)  of  9c;  oil;  IR  (neat)  i>(mait)  3401.  1522.  1348  cm'';  'h  NMR 
(CDCtj)  *  2,03  (br.  IH.  OH),  4,69  {i,  2H,  CHj).  7,25-7,50  (m,  5H.  ArH),  7,79  (d,  J  -  8.5  Hz,  IH, 
ArH).  8,11  (d,  J  -  2.4  Hz.  IH,  ArH),  8.21  (dd.  J  -  2,4,  8.5  Hz,  IH,  ArH);  MS  m/e  (rel  intensity) 
229  (M.  66),  165  (100).  152  (76). 

According  to  the  above  method,  the  Following  compounds  were  prepared: 

2-Hydroxymethyl-3-Nltrobiphenyl  (9a).  2-Bromomethyl-3-niirobiphenyl  (0.803  g.  2.75  mmol), 
KOAC  (0.542  g.  S,S2  mmol).  IN  NaOH  (4,2  mL,  4  2  mmol);  yield:  87%;  mp  66-66'C  (Ei20:hexane): 
IR  (Nujol)  v(max)  3572,  1327.  1360  cm'';  'h  NMR  (CDCI3)  S  3,05  (br,  IH.  OH),  4  57  (s.  2H, 
CHj).  7.42-7.54  (m.  6H.  ArH),  7,63  (dd.  J  -  1.3.  7.7  Hz.  IH.  ArH).  7.93  (dd.  J  -  1.3.  8.1  Hz.  IH, 
ArH);  MS  m/e  (rel  iniensily)  229  (M.  5).  182  (41).  I6S  (38).  152  (100). 
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I-Hyilroxyioethyl-4-Nilrobiph«nyl  (9b)  2-Bromomethyl-4-niirobiphenyl  (0,611  g,  209  mmol). 
KOAc  {0.41S  g.  4.22  mmol),  IN  NbOH  (3.2  mL,  3.2  mmol);  yield:  96%;  oil;  IR  (neat)  t^rnan)  3395. 
1516,  J344  cm"';  'h  NMR  (CDCI;,)  S  2.05  (br.  IH,  OH).  4,68  (s.  2H,  CHj),  7.30-7.50  (m,  6H, 
ArH).  8.17  (dd.  J  -  2.2,  8.4  Hz.  IH,  ArH).  8,48  (d.  J  -  2.2  Hz,  IH.  ArH);  MS  m/e  <rel  iniensiiy) 
229(M.  62),  211  (31),  181  (23).  165(100).  1S2  (68). 

2-My<lroxyinelhy)-2'-Nttrob1phenyl  (9d).  2-Bromomethyl'2'-nitrobiphenyl  (0.265  g.  0,91  mmol). 
KOAc  (0.180  g.  1,84  mmol).  IN  NaOH  <l.4  mL.  1.4  mmol);  yield;  95%;  mp  64-84.5*C 
(EljOhexane)  (Lit.'^  mp  80-82*C);  IR  (Nujo!)  »<max)  3238.  1320,  1344  cm"';  'h  NMR  (CDCIj)  S 
1.74  (br.  IH.  OH).  4.46  (br,  2H.  CHj),  7.10  (dd,  J  -  1.0.  7.3  Hi.  IH,  ArH),  7.20-7.70  (m.  6H. 
AfH),  7.99  (dd,  J  -  1.2.  8.0  Hz.  IH.  ArH);  MS  m/e  (tel  iniensiiy)  229  (M,  10).  198  (25),  182  (76), 
152(82),  166(100). 

Prrpiration  of  Ni(rofluor«nei  10«-e:    General  Procedure: 

3'Nliroriuorene  (tOc).  A  mixiurc  of  5-niiro-2-hydroxymethylbiphenyl  (9()  (0,088  g.  0.383  mmol) 
and  PPA  (1.764  g,  5,2  mmol)  in  CHCI3  (5  mL)  »ras  renuxed  for  26  h,  cooled,  and  treated  with  a 
slurry  of  10%  ac)  NaOH  (50  mL)  and  ice.  The  whole  was  extracted  with  CHCI3  (3  x  40  mL)  and 
subjected  to  standard  workup  10  give,  afier  chromatography  (hexane-EtOAc,  20:1  —  10:1).  0.068  g 
(84%)  of  lOc.  mp  I05-I06'C  (CH2Cl2:hexane)  (Lit.'*  mp  I03-I06'C).  If  CHCI3  was  omitted,  the 
yield  of  lOc  was  lower  (35%);  IR  (neat)  i^max)  1524,  1338  cm"';  'h  NMR  (CDCI3)  S  3,99  (s.  2H. 
CHj).  7.35-7.5  (m.  2H,  ArH),  7  55-7.6  (m,  IH.  ArH).  7.65  (d,  J  -  8.3  Hz,  IH,  ArH).  7.85-7.9  (m. 
IH.  ArH).  8.18  (dd,  J  -  8.3.  2.2  Hz.  IH.  ArH).  8.58  (d,  J  -  2.2  Hz,  IH,  ArH). 

I-NIlroriuorene  (lOd),  3-Nitro-2-hydroxymcihylbiphenyl  (0  108  g,  0,47  mmol),  PPA  (I  444  g.  4,5 
mmol);  yield:  86%  wiihoul  CHCI3  «s  solvent;  mp  I06-I06-3*C  (CH2Cl3:hexane)  (Lit.'*  mp  104- 
I06*C);  IR  (Nujol)  i^max)  I5I8,  1338  cm"';  'h  NMR  (CDCI3)  *  4.39  (s.  2H.  CHj).  7,3-7.63  (m. 
4H.  ArH).  7.8-7.85  (m.  IH.  ArH).  8.06  (d,  J  -  7.3  Hz,  IH,  ArH),  8.16  (d,  J  -  8.2  Hz,  IH,  ArH). 
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J-Nltronuort«  (tOb).  4-Nitro-2-hydro)(ymeIhylbiphenyl  (0.09S  g,  0.41  mmol);  PPA  (1.394  g,  4.13 
mmol);  CHCI3  as  solvent;  yield:  79%  (without  CHClj,  yield;  55%);  mp  134-154.5'C  (CH2Cl2:hexatie) 
(Lit"  mp  156'C);  IR  (Nujol)  i/(iiuk)  1513.  1334  cm'';  'h  NMR  (CDCI,)  j  4.01  (s,  3H.  CHj). 
7.4-7.4S  (m.  2H.  ArH).  7.6-7,6S  (m.  IH.  ArH).  7.8-7.9  (m.  2H,  ArH).  8.30  (dd,  J  -  8.4,  2.0  Hb, 
IH.  ArH),  8,39  (d.  J  -  2,0  Hz,  IH,  ArH). 


4-NHronyorene  (lOd).  A  (olutton  of  >d  (0.093  g.  0,41  mmol)  and  irieihylsilane  (0.142  g.  1.22 
tnmol)  in  CFjCOOH  (4  mL)  was  Stirred  at  room  temp  for  2  d.  Standard  workup  and 
chromatography  (hexane:PhH,  3i  -  2:1)  furnished  0.034  g  (39%)  of  lOd.  mp  76-76.5*C 
{CH2Cl2:hexaiw)  (Lit.'^  mp  75-76'C);  IR  (Nujol)  yfmax)  IS2I,  1347  cm'';  'h  NMR  (CDCI3)  i 
3.98  (s,  2H.  CH2).  7,33-7,45  (m,  3H,  ArH).  7.55-7.6  (m.  IH.  AtH),  7,75  (dd.  J  -  7,5,  0,9  Hz,  IH. 
ArH).  7.86  (d.  J  -  8,0  Hi.  IH.  ArH|.  8,0-8.1  (m.  IH.  ArH), 
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The  kildeBpread  occurrence  and  tDxIcnloglcnl  propertleB  of  poJynuclear 
aronal  Ic  hydrocarbone  (PAH)  hns  proanted  entenalvt-  stiidiea  of  this  class  of 
coBpounds.   Recently  Interest  has  focussed  on  PAH  coMpounds  Incorporating 
one  or  nore  cyclopentene  rJngal-3  after  the  observation  thst  cyclopents- 
[c.d]  pyrene  (CPH)  Is  a  coKBon  envlronaental  contaninniit  and  OKhlblts  a  high 
]pve)  iif  ■utagenlc  and  carclnoEPnlc  activity*.   The  iiore  slMple  anaJoRueB  of 
CfP  aecanthrylene  (t)  and  acephenanthrylene  (21  were  also  recently  syn- 
thesized 2.5-9  and  found  to  exhibit  mutagenic  actlvily^.l"   Aceanthrylene 
(1}  1b  found  to  be  »ore  potent  than  2  and  this  behaviour  haa  been  correlated 
with  the  stabilization  enprgles  associated  with  the  suspected  carbocatlun 
interaiedlates  produced  froa  the  epoxide  ■etaboll tes'"   Sulfur  containing 
polynuclear  aroMatlc  coapounda  (PAC's)  have  been  also  detected  in  envlron- 
aental  sanples  derived  fro*  organic  conbusllan  sources."   Host  of  these 
sulfur  PAC's  are  in  the  forn  of  PAH'a  with  one  or  aore  of  the  benzene  rings 
replaced  by  thiopbenes. 


1  2.  3  4  S 

In  contrast  to  the  carbocycllc  syBle»s  relatively  little  Is  hnown  about 
the  biological  properties  of  sulfur  heterocyclic  analogues  of  autagenlr  and 
carcinogenic  PAH'a  because  of  the  lack  of  standards,  althoueh  certain  sulfur 
analogues  of  carcinogenic  PAH's  have  been  shown  to  be  even  more  potent  than 
the  parent  PAH. 12 

Me  have  developed  a  proera*  towards  the  synthesis  of  heterocyclic 
analogues  of  caraclnogenlc  PAH's  and  have  recently  reported  the  preparation 
of  acenaphthor5,4-b]thjophene  (31'^  an  analogue  of  acephenanthrylene  (8). 
Two  thlophene  iBoaers  of  aceanthrylene  are  possible.  Acenapt ho| 3, 4-b] thio- 
phene  14)  and  acenaphtho|4 . 3-b)thlophene  S   Various  perhydro  derivatives  of 
4  and  5  have  been  reported  in  certain  crude  oil  dist  1 1  laiesl-i .  15  [,y(  ^f,   q,,^ 
knowledge  the  parent  heterocycles  «ri-  unknown    In  this  n<itp  wp  would  like 
to  describe  the  synthesis  of  4. 
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ReaultB  and  Discussion 

Aite«pt8  ot  preparinn  4  and  8  using  a  two  carbon  Bubstltuted  precursor 
derived  froB  a  napthothlophene  failed  to  undergo  ring  for-ation  of  the  ace- 
bridge.  The  Method  that  was  adopted  was  alonR  similar  lines  to  Plu««iers 
aynlhesls  of  aceanlhryleneS.   Reaction  of  najihthol  Z  ,3'b]thi.>phene  (•} 
readily  prepared  by  our  reported  route  Involvlne  a  cyclobutane  rPBrrange- 
■eni'S,  was  treated  with  oxalyl  chloride  and  anhydrous  aJuninuw  chloride  to 
give  the  dlketone  T  in  52*  yield  (Scheie  ])  alone 


Schewe  1 
5   4 


:@to: 


a   9 


wilh  polar  products  which  were  not  identified.   Thr  aceqiilnone  brldRe  was 
assigned  the  8-9  bonding  rather  than  5-4  18)  on  the  basis  of  NMR  experiments 
which  Indicated  long  range  coupling  between  proton  3  {AB  pattern)  and  4 
broad  singlet)  as  well  as  small  IZX]    NOE  enhancements  observed  In  selective 
irradiations  of  these  nuclei.   This  assignment  was  further  substantiated  by 
similar  NMH  data  obtained  r<ir  4.      At  ti-mpls  Hi  assign  the  rP(r  wn  hemlst  ry  of 
the  qulnone  bridfie  in  7  using  selectively  monodeut erat ed  4  d  6  find  U-d  « 
obtained  In  an  earlier  studyl^  and  reacting  these  wllh  onalyl  chloride  under 
the  same  conditions  gave  the  dlketone  7  with  scrambling  of  the  deuterium  In 
both  cases   The  rcglochemiatry  of  acylation  in  somewhat  unusual  in  that 
acyiations  of  naphtho  and  benKothlophenes  normally  occur  at  C-2  of  the 
thlophene  ring.   For  Instance  Castle  and  l.ee  have  reported  that  naphtho|Z,3- 
bjthlophene  18)  undergoes  acylatton  with  phthollc  anhydride  to  givi-  the  C-2 
Qcylated  product  >''  The  unidentlTled  polar  products  associated  Kith  the 
tormailon  of  T  in  the  oxaiyl  chloride  reaction  of  6  nay  be  BBa..clnted  with 
•.ino-acylatiuns  at  C2  and  C-:i  as  well  as  other  positions  In  the  rlnp.   The 
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absence  oT  5-4  bridged  qulnones  cannot  be  readily  explained.   A  proxlaal 
sulfur  ato*  vny  be   rcEponslble  In  dlrecllng  bis  acylatlonB  to  the  3-9 
positions  of  S, 

Reaction  of  dlketone  T  with  hydrlodlr  add  resulted  in  deoxyiienatlon  to 
acen«phthene[3,4-bithlophene  (S)  In  76*  yield   This  unusual  reaction  Is 
related  to  Harvey's  observations  of  polycyclic  aroaatlc  qulnones  belne 
readily  reducad  with  HI  to  the  fully  aroMtic  sysieas.is  The  dehydrogena- 
tlon  of  ■  to  the  arosutlc  thlophenc  wan  readily  accoapllBhed  with  2,3- 
dJchloro-5.6-dlcyano-benzoqulnane  In  70\  yield.   The  yellow  crystsjllne 
product  exhibited  a  proton  n*r  spegtrua  consistent  with  the  substitution 
pattern  (see  Figure  l|.   Two  sets  of  AB  signals  are  dlscernable  and  centered 
at  7.7  and  7.2S  ppa.   The  Alt  signal  centered  at  7  25  ppa  Is  assigned  to  the 
ace-brldge  protons  and  those  at  7.7  ppa  to  the  thiphene  ring  protons  on  the 
basis  of  ronparlsun  with  those  reported  for  aceanthrylene^  and  naphttio[2, 3- 
b|thlophene, 1^   Further  support  for  the  structure  asfilennrnt  of  4  was 
obtalni'd  froa  the  2-0  hoaonuclear  shift  correlated  spectru*  and  SPlecilve 
hoaonuclear  NUE  difference  experiaents.   Irradiation  of  the  singlet  peak  nt 
B  4  ppa  lH-41  led  to  signal  enhanceaents  of  the  doublet  peak  at  7.94  ppa  (H- 
5)  and  7.64  ppa  (H-3,  one-half  of  AB  centered  at  7.7  ppa)   Irradiation  of 
the  doublet  signal  at  7.4  ppn  (H-8,  one-half  of  AB  centered  at  7.25  ppa)  led 
to  enhanceaents  of  the  doublet  signal  at  7  81  ppm  lH-7)  and  7  1  ppa  (H-9. 
one-half  of  AB  centered  at  7,1  ppal.   The  coablned  COSV  and  NOE  difference 
spectra  peralt  the  BSfllgnxent  of  all  of  the  proton  signals  for  4  which  are 
detailed  In  the  experiaental  section   The  uv/vlslble  spectra  of  4  resenbles 
very  closely  that  for  aceanthrylene  I  (see  Figure  2)    Indicating  the  slallar- 
tty  of  the  B-flect ronic  fra«ewnrk. 

Work  Is  In  proeress  to  deteratne  the  nutagenlc  activities  of  thiophenes 
3  and  4. 

Experiaental  Section 

Keltlng  points  (up)  were  deteralned  on  a  Keichert  aeltlng  point 
apparatus  and  were  uncorrected.   Infrared  IlK)  spectra  were  recorded  on  a 
Unicaa  SP-lOOO  Instruaent  as  thin  fllMS  or  KBr  pellets.   UUravlolet  (UV) 
spectra  were  aeasurcd  on  a  Dntraa  SP8O0-A  spert roneter  and  Hewlt'il  Packard 
84S1A  diode  array  sp«ct rophottiaetnr .   Proton  NMK  spectra  were  recorded  on  a 
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Broker  AM-300    1300   MH/)    and    AM-600   spectro.Pters   using    M-ples    dissolved    In 
CUCIg  conialnlnt!    I*  M..-4SI    as    Internal    standard       AJl   NMR  valuei   are   report*d 
as    che.lcol    ahin    6    In    ppm   downfleld    fro*  MejSl         Mass   sppctra    Xfirp    recorded 
on  a  V.G,    NIcroMBs   IfiF   spectro-pter-      High   rt-snli.t  inn  .hgs   apppt ro*.-try  -am 
perfor»od  at    the  KcMaster   RRRlonal   Centre   for  Mass   Sperirn«.-try   using  a  VR 
ZAB-E    inntru-ent    In    the   El    -ode   at    70eV.    El«>enlal    analyse»   were    p^rfor-^d 
by   Guelph   Che-ical    Laborat cries    Lli»lted.      Haphthol 2 .3'b| thlophens   was 
preparpd    by   a    four    step    rr>utp   described    by    us    '* 
a.9-Aceiuiphtho[2.3--b)thlopbeiiequlDoae(7). 

A    s,>lu<l<.n   of    n«phth<.i2.:vb)lhlf>pheFi.r    (61"^    {U.ilR    r.     1    mmc.l^)     in 
dichloroiiethane    (10   •!)    -as    added    slo-ly    to   a    stirred   »lxt..re    of    oJtnlyl 
Chloride    (0.35  ■!.    4    "lolt^sl    and   anhydrous   aluainiia   chloride    10   23   g-     I-*' 
Mnolps)    In   dry   dU:h  ioro-n^ihane    (ZO   ml)    at    0-5  ^-C.       Stirring   -as   continued   >l 
0  "C   for   fi   h       The   black   soJutioii  was   poured   onto   Ice/water  and   filtered. 
The   orange   solution   was   wished   with    saturated   NajCOs    115    k1 ) ,    water    IZ    x    15 
•1).   dried  over  anhydrous   MgsOj   and   filtprpil.      The   filtrate  was   evapornted 
to  give   a   residue  which  was  chromai oRraphc-d   on  n   column    (flash   grade  silic8 
eell   using   11   pelr-   ether:      dlchJorcmethene  hk   the  eluung  sojuent.      This 
gave  a   red  crystalline  naterla!    (O.IZO  g.    Si  .~\)   1.    -.p   ZB2-ZBn   "C    "h  NMR 
ICDCI3):      6   8-8    (S.    IH.    H   4),    a    28    (d.    J-B   5   H?..     HI.    H   ni.    8. 25    (dxd.    J-5,5. 
0.7    Hz.    IH.    K   3),    B   07    (d,    J-fl   8   Hi,     IH.    H-71,    8   0    Id,    J=5   5   Hz,     IH.    H-St. 
7.78    Idxd.    J.8.5.    e.8   Hz.     IH,    H-61:     IR    IKBr)    1680  c»-l    (C-OI ;    uv    (Ctl2Cl2) 
J.aK    Z66   n«    (loE   «    -    -1.3(1).    3fi6    nm    {log   e    -    3.521,    386   nn    (log   *    •    3.511: 
nass    apectrup.    »/e    (relative    Intensltyl    238    (58,    MM,    210    (100. 
M-CO),    182   (78.   M   ■    2{C0IK   high   resolution  US,    calc.    for  Ci4MbOzS  ■/* 
238.0O9S;    Found:    238.0094:    Anal,    Calcd    for    Cj^HrOzS         C.    70.85;    H,    2.54:    S. 
13.47:    Kuiind:      C.    70.«:i:    H,    2.47;   S.    13, 1»; 
8.S-AcenapbtbeDel2.3-b]th]opheM  8. 

A    mmturr    of    4UlTi..ne    7     1120    my..     I) .  5    Moip)     and    47%    hydrlodlC    arid     (20 

••ole)  in  acetic  ncld  |5  «!)  was  heated  to  rellu^t  (or  20  h.   The  hot 
solution  is  then  poured  Into  a  1»  aqueous  sodlui.  bisulfite  solution  (50  •) ) . 
The  solution  was  extracted  with  dlchlorowthane  12  k  20  .11  and  the  copbined 
organic  extracts  were  washed  with  water  (20  ml),  saturated  bicarbonate 
solution  {2  X  20  Kl)  and  dried  ever  anhydrous  HgSO,, ,  flllered  and  evaporated 
to  Klve  an  oil  whlcl.  w«^    appiiwl  lo  a  column  of  flush  f-rade  silica  Rel    A 
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11    dlctiloro«ethefie:      pel-    ether   soJuilon   eluied   a   yellow  oil    a    (80  Mg, 
76«|;    )h   HMR   (CD2Cl2l:      6   8. IS    (S.    IH .    H'4 1  .    T   67    (d,    J'8.3   H2 .    tH.    H-!^]  . 
7.51    (d.    J-5.7    Hz.    IH.    H-3   or   H-2).    7.4B    (dxd,    J-6.9.    6   3   Hz,    IH,    H-6) .    7.3fl 
[i.    J-5.7   HJ2.    IH.    H-2   or  H-3),    7   25    (d.    J=6   fl   Hi.    IH,    H-7) .    3.65 
U,    AA'BB',    5-7,2  Hz).    2H.    Mthylene  H'b).    3,55   (t.   AA'BB'.    J  ■   7   2  Hj.    2H. 
■ethylenP   H'b).      Tliis   product    undersoes    slow  oxidation    fn   ulr   to  give   7   BB 
one   of    the   products   so    IhBl   no   BStlsfactory   eleMntal    analysla   could   be 
obta  ined . 
AcBBapbtlM>l3.4-b)tblapbei>e   4. 

A   solution   of   S   180  mg.    0.38   mmoIc)    ond   UUq    (216   ag.    (1   9S   Mao)p)    in   30 
Ml   of   toluene  Mas  heated   to  reflux  for  30  BlnuteB       The  slurry  was  cooled, 
concentrated  by  rotovap  and  the  residue  kbb  applied   to  a  coluui  containing 
basic  aluBlna  and  pluted  with   toluene.      An  oranee  crystalline  Material   4  was 
obtained    (0   057   e.    70»|;    Mp   74-75   OC;    >H   !fflK    (CDClg)-      5   8.35    (s,    IH.    H-4). 
7   9    (d.    J-8,2   Hz.    IH.    H-51.    7.76    (d,    J    '   6.7   Hz.    IH.    H-7).    7   7    (d,    J    ■   5-6 
Hz.    IH,    H-2).    7,62    Idxd,    J   -   5.6,    0.6   Hg,    IH.    H-3| ,    7.57    ( dxd ,    J    ■   8,2,    6-7 
Hi,    IH,    H-7),    7   37    (A.    AB.    J   =   5,2   Hi.    IH.    H-9).    7.13    (d,    AB.    J   --    5.2   Hz. 
IH.    H-81:    MSB  spectruB.   m/e   (relative   Intensity)   20«    (100.    M* ) .    160   (18). 
J2B    (211:    hgh    resoluton   KS.    caJc.    for   Ci^HflS   M/e   208-0367,    found   208.0357, 
Anal.    Calcd    for   C]4HbS:      C,    80.77;    H.    3,85;    S.    15.38;    Found:      C,    81.05;    H. 
3,97;    S,    15.26;    uv    (EtOH)    .Iwax   258   nn    (log   e    -    4    23),    350   na    I  log   e    =   3,87), 

Me  Mould   like  to  thank  the  Natural   Sciences  and  Knelneerlng  Research 
Council   of   Canada  and  the  Ontario  Ministry  of  EnvironMent    for  finenclal 
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Figure    1 
■h   NHR   SpectruM    1300  MHz)    of   Acenaphtho(3.4''b]thiophene   4 
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Pig""    2 
UV  Spectra  of  Acenaphtho[3.4-b]iriiophene   14)   and  Aceanthrylpnt-    In  CHjCl; 
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APPLICATION  OF    ICP  SPECTROMETRY   IN  HEALTH  AND   ENVIRONMENT:   A  CASE  STUDY   OF  SOIL 
INGESTED   BY   CHILDREN. 

Xioaru  Wang.  AlexanOra  LasztUy,  Miklos  Viezlan.   Vescheskel    Israel,  and  Ramon  H. 
Barnes 

University  of  Masaacnusetts.  Depdrtment  of  cnemlstry,  GRC  Takers.  Amnsrst,  MA 
□1003-0035 

Kno.ving  the  amount  of  non-foaa  materials  Hke  aust,  paint  or  soil   that  a 
cmld   ingests  incidentally  or  purposely  can  aia  in   ioencif ication  of  sources  of 
environmental  poisons  and  often  is  needed  in  making  environmental   risk  assessment 
evaluations.    Establistiing  whether   or   not  a   child   ingests   non-food  materials    is   one 
requirement,    identifying  whicfi  of  a  numDer  of  non-food  materials  contrlOutea  to  a 
child's   illness   is  another,  and  demonstrating  fiow  mucn  non-food  is   ingested  is  jet 
another.  Eltfier  alone  or  in  combination   inductively  coupled  plasma  atomic  emission 
(ICP-AES)   and  mass  spectrometrii   (ICP-MSJ    have  been  evaluated  and  applied  in  ad- 
oresslng  these  requirements.  Two  specific  situations  have  been  consioereo:    (i) 
Identifying  environmental   sources  resulting  in  lead  poisoning,  and  (11)  quantify- 
ing daily  average  soil    ingestion  by  toddlers  during  normal    play. 

The  identification  of  environmental   sources  of  lead  poisoning  is  based  upon 
the  determination  of  tne  isotopic  composition  of  stable  lead  in  a  child's  blood 
and  in  environmental   samples  of  dust,  paint,   soil,  or  water.  The  statistical   co- 
incidence of  lead  isotope  ratios  m  blood  and  tne  suspect  environmental   sample 
brovides  a  means   for  sorting  ana  identifying  sources.  Additionally   lead  concentra- 
tions  in   these  samples  can  be  determined  concurrently  by  on-line  Isotope  dilution. 
ICP-MS  provides  a  rapid,    routine  measurement  for  Doth  lead   isotope  ratio  and  lead 
concentrations   in  these  samples.  Examples  of  this  application  will   be  presented. 

Among  the  approaches  possible  in  developing  a  measurement  strategy  to  quan- 
tify a  child's  daily  soil    ingestion  is  tne  determination  of  innocuous  m,etals  pre- 
sent both   in  soils  and  in  tne  child's  excreta  but  not    m  food.   Selection  of   suit- 
ade  elements   is  based  upon   their  concentration   in  soil   and  their  oetectabiluy  in 
food,    feces  and  urine.    In  a  recent  investigation   Involving  e^fl   children  eight  ele- 
ments were  determined  for  69  dust.  2600  fecal,   1800  food,  and  180  soil    samples. 
Major  elements   like  51  were  determined  by  ICP-AES,  nhile  trace  elements    like  Ir 
must  be  measured  by  ICP-MS,  Sample  treatment  and  preparation  to  avoid  contamina- 
tion and  losses  Decomes  the  primary  concern,   once  measurement  accuracy  and  preci- 
sion are  confirmed.  Novel    sampling  problems   Involved  with  commercial    disposaole 
dis^ers  compounded  fecal   analysis,  and  tn=  contribution  of  trace  metals   in  unne 
to  Qlaper  samples  was  documented.  Interpretation  of  data  is  complicated  by  the 
Dicavallability  of  some  test  elements,  and  recovery  of  well-characterised  soil  fed 
to  adult  volunteers  was  measured.  The  individual   contriputions  of  dust  and  soil   to 
tne  total    intake  can  be  distinguished  in  some  situations.  Finally,  a  preliminary 
study  to  apply  lead  isotope  ratios  as  a  tracer  for  soil    ingestion  has  Deen  un- 
dertaken. 


129 


D13 


A  NOVEL  PBOBB  DBSICW  PCR  IKE  DIBBCT  IN3BRTI0M  OF  SOLID  SATWLBS  IN  TOE 
INDUCTIVELY  OOUFIBD  PUiSMA  POR  ANALYSIS  BY  ATCHIC  ffflSSION  WD  MASS 
SPELTBCMBTOV. 

L.   Blaln  nnl  B.D.   S&Iii^  ,   Departaent  of  Chenistry.  ^bGill  Universit.}'. 
»}1  SherlH^wke  St.  W.,   Montreal,  Quebec,  Canada  H3A  2K6. 


I^f^Koucnc« 

Solid  aa^les  atill  represent  a  toufh  challenge  for  the  analyst's  skills 
and  resources,   particularly  in  fields  of  application  such  as  ■etallurgy, 
geolocy  and  envirorasental  nonitoring.  The  initial   interest   in  direct 
solixl  analyses  grew  out  of  a  dissatisfaction  uith  the  lenghty  ss^Ie 
pr^iaration  |»x)cedures  of  conventional  methods.   Althou^  the  rate 
liHitiiig  step  Mill  probably  renain  the  saiqile  preparation  step,    there  is 
a  clecu-  need  for  a  store  rapid  alternative  to  these  dissolution  and 
preconcentration  procedures.    Not  only  are  these  techniques  tiae 
conaming,   but  there   is  also  an  acute  risk  of  contaHination  hy 
inpurities  in  the  reagents  used,   and  in  an  age  of  pBirta  per  billion 
Ippb)   and  sub-ppb  detection  lijoita,   even  the  purest  of  reagents  can 
becoae  a  significant  source  of  contaalnation . 

The  feasibility  of  the  direct   insertion  of  poudered  solid  sanples 
in  the  inductively  coupled  plasan   (ICP)    for  their  analysis  by  atosuc 
emission  spectronetry   (AES)   has  be«i  demonstrated  (1,2,3).  The  principal 
advantages  of  this  technique  are  the  sinplicity  of  the  equipsent  needed 
(4),    the  very  limited  sample  preparation  that  it  requires   (1)   and  its 
excellent  detectitm  liinitB  (2>.   Yet  there   is  still  a  need  for  lower 
detection  limits,   as  the  typical  concentration  of  sany  ii^jortant 
eleamts   in  Bollds  of  envirwnental  and  geolc«ical   interest   is  often 
ver7  close  to  sane  of  the  detection  limits  that  have  been  reported. 
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(kie  sure  way  to  iinprave  detection  liaita  is  to  increase  the 
instantaneous  concentration  of  analyte  in  the  source  per  mit  tiae.  With 
the  D6ID  this  aeans  either  i»:reasins  the  nass  of  sanple  in  the  probe  or 
faoilitAting  the  transfer  of  heat  froa  the  plasna  to  the  sanpXe  in  the 
probe.   We  fell  that  we  could  achieve  both  goals  by  pressing  the  saaple 
directly  into  a  pellet,    rather  than  packinii  it   inside  the  graphite  or 
■etai  cupe  that  are  conva^tional ly  used   (1,2,3,8).   So  far,   we  have 
successfully  pelletlzed  a-standards  with  graphite  in  ratios  of  1:10  to 
1:2  and  they  did  not  disintegrate  \ipait  their  inserticxi  in  the  plasna.  We 
have  established  scwe  prelialnory  detection  liniitB  for  eight  el^Knts  by 
atonio  eniasion  spectrometry   (AES)  and  found  that  the  technique  has  to 
be  further  optimized  before  yielding  all  of  its  potential  advantages.   We 
have  also  established  a  detection  liid.t   for   lead  by  ■ass  spectrcaetry 
(^S^  with  this  technique,   oor responding  to  0.16ppb. 

EXPERIMENTAL 

ICP-AiB   DSID 

The  difficulties   involved  with  rec;ording  transient  signals  have 
been  highlighted   in  the  literature   f4,5,6).   We  used  a  THERM3  JARRELL-ASH 
ICAP  61   direct   reading  spectrcaeter  equipped  with  a   fast   spectna 
shifter,    to  preserve  the  full  aulti -element  capacity  of  ICP  and  to  allow 
the  neaaurenient  of  the  backgr<KKid  around  the   lines  of  interest.  Apart 
from  its  obvious  advantages,    the  inulti'element  feature  of  ICP-AKS  allows 
the  i^ilementation  of  internal  standards  which  are  often  necessary  to 
keep  the  precision  of  geological  analyses  within  reasonable  bounds    .   The 
very  rapid  spectrvm  shifter  of  the  THERMO  JARRELL-ASH  direct  reader  is 
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r^cessary  in  cases  where  the  eMission  apectruB  of  a  aaapie  ia  coaplex 
and  requirea  extensive  spectral  corrections  (6), 

Early  in  our  investigations  we  fo«kl  that  the  inatnaent's 
aoftvmre  did  not   acccoKxiate   tranaient   signals   very  woll  and  we  chose  to 
write  our  own  operating  aoftware,  and  »«  have  already  deacribed  a 
prototype  version  of   that   prosraa  elsewhere   (7).   The  lataat  procraa 
stores  the  data  bytes  returned  by  the  apectraneter's  controller  in  a 
bimry  record,   mther  than  a  text  file.   The  data  can  then  be  pcocesaed 
first  by  b  progran  that  calculatas  the  net  intensities  frcm  the  data 
bytes ,    then  finds   ttie  best  background  correction  data  and  f ita  a  cubic 
spline  through  it  to  interpolate  the  background  at  the  on-line  poaitions 
khich  is  then  directly  subtracted  from  the  meaaurenenta  at  these 
positions.   Another  program  is  then  used  for  graphics  display  and  a  ae«i- 
autcnatic  peak  finding  js-ocedure  is  used  to  calculate  the  five  peak 
parsBGters   : 

-  beginlng  tine  of  the  peak 

-  time  at  which  the  peak  naxlaiH  occurs 

-  ending  time  of  the  peak 

-  BaxiauB  intensity  (peak  height) 

-  integrated  intensity   (peak  area) 

which  are  then  stored  in  a  text  file  for  later  use. 

The  cofxiitiona  imder  whi<*  the  ICP  was  run  are  listed  in  Table  II. 
llMse  conditions  were  used  because  they  have  been  reported  by  various 
workers  as  optliaal   (1,2),   but  soae  rec«)t  experinents  have  ccnfimed  our 
expectation  that  two  seta  of  paraaeters  will  need  to  be  c^tiMized 
carefully,   naaely  the  plasaa's  applied  power  and  the  coabination  of 
insertion  and  viewing  heists. 

Initially  we  used  gr^rfiite  electrodes  such  as  those  of  arc  ABS  aa 
supports  for  the  pellets  but  we  quickly  found  then  io^ractical    ( 7 ) .   CXir 
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experience  with  the  wire  loop  DSID  (4,5)   iiMedlatelr  suuested  an 
alternate  support   (Figure  1)   for  the  pellet,  "mis  support  ie  lifter 
than  the  previov»  deslsn,    so  that  the  pellet  can  be  inserted  cteeper  in 
the  discharge  without  extinguishing  it,   and  it  is  less  bulky.  Ttie  latter 
results  in  less  heat  diaaipation  down  the  support  and  lesa  diance  of 
pushing   the  plasan  cnto  tl»e   sides  of   the   torcli.    The   stepper  notor  driven 
shaft  on  which  this  DSID  prt*)e  asaembly  rests  Is  described  in  detail 
elsewhere  (41 . 

The  preparation  of  the  pellets  is  straightforward,  a  suitable 
weight  of  SraX  g-standards  is  ground  in  proportions  varying  froa  1:5  to 
1:15  uith  spectroscopic  grade  graphite  powder,    for  about  20  ninutes  ifl  a 
Bixer/aill.  This  aixture  is  th«i  weighed  out  into  5  sliquots  of  about 
260  mc  each.  These  Eire  pelletized  with  a  aanual  press  of  the  kind  used 
in  hcMb  calortioetry.   After  a  few  tries  one  quickly  develops  a  feel  for 
the  pressure  needed,   and  it  is  then  possible  to  press  unifora  and  fir» 
pellets  that  do  not  break  down  when  they  are  inserted  mto  the  plasm. 
Further  details  oti  the  reagents,    the  Bixer/nill  and  the  press  can  be 
foiaid  in  Tabl«-  I   and   in  ref.    1 . 

1CP-K3  DSID 

The  lnstr\Mient  used  for  the  DSID-1CP-M3  eDqperinents  was  a  Perkin 
Elaer  SCIBX  ELMJ  250,    its  operating  oonditiona  sre  listed  in  Table  111. 
The  inaertion  depth  and  the  sampling  position  were  routfily  optimized  at 
the  start  of  the  experimerts  using  the  maximization  of  raw  ion  counts  om 
optimization  criterion.   Although  we  had  a  good   idea  of  lAat   to  expect 
for  the  time  profile  of  the  signals  from  our  AES  work,   we  preferred  to 
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roitriot  cMnelvea  to  r  Blntle  ^tss  channel  to  Bvold  Bisaing  mn^ 
Lapoftant  ta^wrsl  featur«fl,   eapeciBLlly  at  the  louer  oocKxntrstlona .  He 
chose  to  look  at  load  bocxuse  it  La  well  behavad  teaf)orall7t   and  it  ia  a 
priority  pollutant  that  atill  had  an  utsatisfwrtorr  detection  limit  by 
DSID-ICP-AES.   Vte  felt  that  it  would  beat  hiihlifht  the  fraater 
aensitivity  of  ICP-tB    (3). 

Our  aoceaa  to  the  ICP-ffi  v«a  restricted,  ao  we  proceeded  with  the 
aoquiaiticn  of  preliminary  tsalibratlon  data  witlwut  thorouchly 
optimizing  the  eyatea.   We  choae  ocB^Mxxise  cxnditionB,  auitable  for  the 
deteraijiation  of  heavy  elements,   beaed  on  our  previous  experiefv:«  on 
this  inatrwent  with  the  wire  loop  D6ID  (4). 


0.5  mm 
Tungsten  wire 


Fi 


gyre 
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RESULTS  AND  DI9CUSSICH 
ICP-AES  DSID 

Ihe  Bicnals  observed  for  the  insertion  of  pellets  are  transient 
peaks  very  much   like  those  of  the  cimvMitional  LBID.   For  the  Bsne 
concentrati(xi  of  anadyte  in  the  aaaple,    the  pellets'    sipwl   xb  More 
intense  and  lasts  much  longer.   Figure  2  shews  the  net  signal  »«  observed 
for  the  insertion  of  SOag  of  a  5%  coRjer  in  araphite  mixture  with  a 
oonventioMLl  DSID  |»«be,  and  by  contrast.   Figure  3   is  the  net  hackgroiiid 
corrected  signal  recorded  for  the  insertion  of  a  2Sanig  pellet  of  the 
saoie  mixture.   This  increase  of  the  sijpial  cannot  be  explained  in  teme 
of  the  greater  sample  nass  alone.   Hence,    the  greater  surface  area  of 
sanple  directly  exposed  to  the  source  must  also  otMitribute  to  in^roving 
the  transport  effioiency  of  the  analyte  into  the  atonization  zone  of  the 
plasMt. 

The  same  type  of  volatility  categories  that  have  already  been 
reported  (1,2)  were  observed,   tAere  the  volatile  elenaits  such  as 
nercury  and  lead  have  peak-shaped  signals  of  relatively  short  duration 
that  ai:qpear  early  after  the    tnaertion,   while  the  anre  refractory 
elenenta  result   In  l»^»der  himps  that  rise  quickly  and  decay  rather 
slowly.    It   was  also  found  that  the  signal  of  the  very  refractory 
elements,   sue*  as  titaniun,   and  those  that  fom  refractory  carbides, 
such  as  aolybdenuB,    tungsten  and  vanadiun,    is  often  not  significantly 
different  from  the  surrounding  hackjtround. 
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A  set  of  cx^mMiae  oonditions  that  would  kIIow  the  estlaKtion  of  the 
Btantord  fisurea  of  aerit  of  this  technique  mbs  uoed.   A  aet  of  sixteen 
eleaenta  mmb  picked  to  cover  the  ranoe  of  possible  sivtals   : 


Hg,   Ft),  Se  &  Sn 

As,  Cu,  Mi  k  Zn 

Pe  ft  Ni 

Co,   C^,  1*1,   Hd.   V  t  H 


D'  the  very  short  peaka 

2>-  thoae  of  interMediKte  duration 

3)'   those  of   lorm  duration 

4)-  the  weak  sucnals 
With  an  integration  ti»e  of  5  s«candB  the  slsn&l  of  »U  sixteen  elements 
oould  be  recorded  wl9quBt«ly  at  coocentraticna  of   1  nn,    3.3  [^n  and  10 
pfK.   Furthemore,  we  oould  also  record  the  signal  of  about  half  the 
eleokents  at  a  ccncentration  of  100  pfm. 

The  calibration  curves  for  As,   Cu,  Hg,  MB,   Ft,   Se  and  3n  were 
linear  up  to  100  pfn.  The  signals  of  the  other  elements  lasted  longer 
than  the  observation  period  at  that  concentration.  Tliis  seta  a  practical 
lialt  on  the  dynanic  range  of  the  tec^ique  for  a  one-ahot  aulti  el^i^it 
analysis,  which  can  be  circusvented  by  replicate  detenBinationa  with 
different  dilution  factors  of  the  saiqjle  in  graphite  or  different 
integration  tiaes.  To  keep  things  siaple  for  these  freliainary 
investigations,   the  Baximn  coocentrat icn  was  liaited  to  10  p(B.  At  this 
stage,   the  priaary  concern  is  improving  the  detection  liaits  of  the 
technique,   so  that  our  interest  ilea  nainly  with  the  weak  eodtters. 
Certain  weak  emitters  such  as  Cd,   Hg  and  Ffc,   are  often  foi«id  in  ultra- 
trace  levels  and  are  also  of  great  concern  to  anny  users.  Twelve 
elenents  of  the  set  have  linear  calibration  curves  with  slopes 
aiffiificantly  different  from  zero,   and  they  are  listed  in  Table  IV  along 
with  their  detection  liKita. 
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These  results  ore  for  an  unoptialzed  sTstos  and  should  be  l^xvwad 

by  a  nore  Lnt^lliflent  choic«  of  plaaaa  foruttrd  poMer,    insertion  depth, 
probe  secnetry  and  vLewinfl  parsBsters.   Evoi  as  they  are,    these  detection 
limits  cccipare  well  with  those  already  reported  in  the  literature  llkZ). 

the  slsnaJlB  for  Fe,  Mo,   V  and  W  were  all   very  weak,   and  even  at 
100  PPM  they  were  not  sivnifioantly  different   frca  the  baseline,    the 
detection  limits  for  these  elenents  are  thus  meaningless  and  do  not 
appear  in  Table  IV.   This  has  already  been  observed  {1,2}  and  has  been 
explained  by  the  refractory  character  of  the  conpounds  those  eleuenta 
are  either  present  as   (1)  or  of  the  coi^xxsids  they  (taw  with  the 
sumxndins  graphite  diluent   (2).   J^]fnrently,    this  hind  of  matrix  effect 
has  already  been  successfully  m.inxmized  by  a  proper  choice  of  matrix 
modifier  or  volatilization  enhancer  (2,8). 

ICP-+B  DSID 

We  have  sucoesafUlly  interfaced  our  pellet  DSID  with  the  BUN  ICP- 
MS  and  the  results  are  inqiressive.  The  absolute  detection  limit  for  lead 
aa  its  oxide  in  the  solid  was  2  pg  in  a  250  ms  pellet  of  3/16"  diameter. 
The  slope  of  the  caiibration  curve  was  obtained  with  staxviards  that  were 
■mde  up  by  diluting  a   I   ppn  g-etandard  1:20  in  graphite,    thus  the 
detection  ludt  in  concentration  mits   for  lead  in  the  g-stanlards  uaa 
0.16  ppb.    Initially  the  conventional  position  of  the  sailing  cnne 
Inside  the  plasns  was  used,    and  the   ion  counts  that  were  measured  were 
very  lo",   even  at  concentral. ions  as  high  aa   100  ppb  lead  in  graphite.  A 
slight  axial  offset  of  the  sampler  froi  the  center  of  the  plasma 
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resulted  in  jietb— ■■  of  the  ion  oounta  br  four  to  six  ordBTS  of 
■egnitude. 

lite  greater  eenaitivity  of  ICX^-M9  put*  very  atrinaent  rvquireaente 
m  the  puritr  of  the  (refhite  diluent  usad  in  the  pre^Ar^ticn  of  the 
pellet.    It  alao   Ispoeee  sore  atrict  aaaple  [repaimtian  protocmla  to 
■iniatize  the  posaibility  of  ocntaaijiaitian  by  the  crinder'a  ■ixins 
chowbcr  and  the  presa'a  piaich  end  die  aet.   About  half  of  the  crophlte 
blaoka  were  severely  contaBinated  at  the  detectlcn  levela  of  ICP-NB  when 
the  aixer/Bill's  aiixlna  chaafaer  nbs  airily  cleaned  with  a  bruah  and 
soapy  water,    folloued  by  an  ethanol   rinae  and  a  purse  with  oaavx<eaaed 
air.   Cn  the  other  hand,   when  a  neu  uxing  choaber  uaa  used  to  prepare  a 
aerlea  of  cra|Adte  blanka,    the  baseline  mis  featureleas  for  all   fiv« 
replica tea. 

The  baseline  was  ayatontioally  offaet  trcm  zero  by  a  few  hundred 
oowita,   BO  the  total  observaticn  period  >«■  set  to  laat  apivcaciaately 
twice  the  duration  of  the  peak.   Purthervore,   the  data  acqulaition  was 
■ynchraiized  with  the  insertion  of  the  probe  in  the  iiIiiiimi  to  ensure  a 
reproducible  appearanoe  tiae  for  the  peak,  early  on  in  the  observation 
period.   Ihe  averace  number  of  couits   in  the  latter  baUlf  of  the  signal, 
after  the  peak  had  returned  to  baseline,   waa  then  used  as  an  eatiaate  of 
the  baseline  under  the  peak.   Tf>e  im  oounts  were  maericelly  integrated 
over  the   first  half  of  the  aeaBureaent  period  to  deteiwine  the  total 
analytical  signal.   Figure  4a)   shows  the  average  signal  for   100  ppb  lead 
in  graphite,    50  ppb  and  clean  graphite  blanks.   Figure  4b)    is  a  close  iq> 
of  the  average  blank  signal.   The  Blight  dip  in  the  early  part  of  the 
biank  signal   is  due  to  an  overccapensation  by  our  baseline  correction 
procedure. 
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OONCUJSION 

Bwi  in  its  initial  staas  of  (lBV«lai»Bil  this  taclinlque  la  provlnc 
itaelf  to  be  very  Becwltlve.    "R^  si^ilicity  of  prepiu-lnc  the  prob— 
trices  it  uell  Buit«d  for  routine  i^}l^Hntatian.  Ne  are  oumntly 
experlaentinB  with  variouB  ooHblnatiana  of  int^ration  tlaei   off-line 
poaitions  and  integratian  boixida  to  aBximiEe  the  reaolutlon  of  the  short 
aiwls  frcai  the  aurrouidlng  bacdrsrowid  noise  and  thua  aaxialse  the 
sensitivltr  of  the  aaaaureaent,  Nhile  atte^itina  to  ainlmiEe  the  loaa  of 
Lnfoiaation  for  the  Icnfler  laatins  Bignals. 

lite  detection  liaita  ^m  obtained  in  these  prelialnarr 
investigations  are  very  enocuraclnfl.  yet  there  are  soae  featurea  of  the 
probe  design  that  need  to  be  iaproved  before  all  its  advantages  can  be 
realized.    In  order  of  iaportanoe  these  are   :   the  diaactar  of  the  probe, 
the  insert.ion  depth  and  tite  viewing  height.  A  larger  probe  aeans 

that  aore  sa^le  is   introduced  in  the  pla^B  at  cnx,   but   it  probably 
disturbs  the  piasaa  aore  and  nay  result  in  higher  background  noise.  The 
insertion  depth  should  also  have  thia  kind  of  oc^ietltion  between  the 
effect  en  the  stability  of  the  plaoan  and  the  aaoisit  of  saaple 
introduced  in  the  plasss.   TTte  oorrelation  between  the  opti^l   iiMertion 
depth  and  the  cq>tiaBl  viewlrtf  zone  has  already  been  reported   12),   so 
thst  these  tH3  parsaeters  aust  be  siaultaneously  optialESd  by  s 
■ultlvariate  technique.  We  will  report  en  a  coqirehaisive  c^iaisation 
of  these  factors  in  the  future. 


lite  authors  wish  to  thank  A.   Kluok  and  B.   Bastian  of  tlie  Itfiill 
tine  shop  for  their  aasistance  in  the  design  and  ccnstructicn  of  the 
pellet  DSm. 
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DSID  signol  with   a   conventional  probe 

30  -ni  ■>•  O.SX  Cu  ^  gnpMM 


-f{g^:«-2. 


DSID  signal   with  a   pellet   probe 

ISO  mf  a(  O.BX  Cti  if  grvNta 


lta"W 


-Ficjcfe^. 
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Pellet  OSIO  signal  for  Pb  by   ICP~MS 

grapnft*  Monk.  M  P»B  and  1 1A  pM 


si 


Tln>*(i] 


t\Qcr€. 
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4cv 


■jnol   for  Pb  by  ICP-MS 

"  □  mg  p*)l*l  B>  pur*  gropWto 


JOO  -I 


-?0C  -1 


fi^v;.■^'^^>■ 
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TABU  I 
BQUIHSn'.ltBMSKnS  AND  SCPIWIB 

ICP-ABS 

"nienK)  Ju-rell  Aah  ICAP  61 
fro«  ;  Th«mD  Jarrell  Ash  Corporation 
HalthM,   MaBaachusetts,  U.S.A. 

Perfciii  El«er  SCIEX  ELAN  250 
Hixer/Kill 

5100  Spox  Mixer/Mill 
Methacrylate  cyllnderB 
5/16"  Tm£at«n  carbide  balls 
Tungsten  cai-bide  lined  nylon  c^m 
froa   :   SPKX   INDUarraiES,    Inc. 

Hetuchen,   New  Jeraey,  U.S.A. 
PresB 

2B11  Pellet  presB  with  1/2"  pax^  anj  die 
fro«  :   PABH  INSTOlWBWr  OGWAHY 
Moline,    Illinoia,   U.S.A. 
1/4",   3/16"  and  l/B"  puv:h  and  die  seta 
froM  :   McGill  University  aachine  ahop 
Hoat  ccaiputer 
AST  286 
fron  :    AST  RESEARCH,    INC. 

Irvine,  California,  U.S.A. 
Rea£entB    : 

G-stan)ards  SreX  IfOXJBTOIES ,    Iik. 

Metuchen,   Mew  Jersey,   U.S.A. 
Palletizing  graphite,    "spectroscopic  electrodes" 
BAY  CARBCN,    Inc. 
Bay  City,  Michigan,   U.S.A. 
Softtare 

Turbo  Pascal 

fnm  :    BCRLAND  lOTERNATIONAL  Inc. 

Scotts  Valley,  Califoraia,  U.S.A. 
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TABl£  I 

HainnHn'.RKM^MTs  aio  acFnum 

■niensD  Jarrell  Aah  ICAP  61 
from   ;   Thermo  Jarrell  Aah  Corporation 
WBlthaa,   M&BBBchusettB,    U.S-A. 

Perkln  Bl^r  9CIEX  BLAN  Z50 
Hixer/aill 

5100  Spex  Mixer/Mill 
Methanrylote  cylinders 
5/16"  TunABten  carbide  balls 
TUnSaten  carbide  lined  nylwi  caps 
froB   :   SFHa  INDUSTRIES,    Inc. 

Metuchen,    New   Jersey,    U.S.A. 
Press 

2811   Pellet  press  with    1/2"   punch  and  die 
fro*   :   PARK  INSTTajOWr  OCWANY 
Moline,    Illinois,   U.S.A. 
1/4",    3/16"  and  1/8"   punch  and  die  sets 
from   :   ffcGill  University  machine  shop 
Host   (xxqjuter 
fiST  286 
froD    :    A.Tr  RESEARCH,    INC. 

Irvine,   California,   U.S.A. 
Reagents   : 

G-standards  SPEX  INDUSTRIES,    Inc. 

Metuchen,   New  Jersey,   U.S.A. 
PelletizinI  graphite,    "apectroBcopic  electrtxles" 
BAY  CAIfflON,    Inc. 
Bay  City,    Michigan,    U.S.A. 
Software 

Turbo  Pascal 

froB   :   BCBLAND  I^^■ER^iATIO^iAL  Inc. 

ScotU  Valley,  California,   U.S.A. 
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TABU  II 

zcp~ABS  pfitMvrae 


PlaBHBk  pairameters    : 

Applied  power  (kW)  :      1.00 

PlasDB  SBB  flow  (LR1)  :    15 

^jxiUisLry  gas  flow  (Lltl)  :      2.0 

E^pactroaeter  poraneters   : 

Viewing  height  (mi)  :      15 

Intesration  tiae  (s)  :        5 

ObeervBtion  period  (>)  :    320 

2  off-line  spectrun  shifter  positions 

average  wavelength  offset  :    O.lSna 

DSD)  paraneterm 


Probe  diBBeter 
Probe  support 
Pre-heat  step 
Insertion  step 
Cooling  step 


3/16" 

Jtnijihlte  platform 

-20  HBi  ■}    for     10  s 

~2  Htf  >  >    for  360  e 
-no  tmt'>    for     60  8 


(1)  distance  fran  top  of  load  coil 


TABLE  III 
ICP-HS  PARAWmtS 


Pliif—i  paraneters    : 

Ai^lied  power  (kW) 

Plasaa  gas  flow  (LFM) 

Auxiiliary  gas  flow  (UM) 
IBID  parameters    : 

Probe  diameter 

Prc*e  aui^iort 

Pre-heat  step 

Insertion  step 

Cooling  step 

( 1 )  distance  from  top  of  load  coil 
MB  parameters 

Ftaas  channel    (a.m.u. } 

B   ion    lens   Beltinx 

P  ion  lens  setting 

Dwell  time  (n) 

Points  per  scan 

Scans  per  nm 


0.75 
12 
1.5 


3/16" 

tivigsten  wire  lo^ 
-20  Buin    for  10  s 
-4  DBt  1 )    for  40  8 
-120  nmt  >>    for  40  B 


208 

50 

50 

20 

3 

605 
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TABU  IV 

anacTVM  lduts  in  rujbts  by  abb 


t    t%llet<"Itoferenoe<»' 

Eleaent 

Pellet' 

■)Referenoe(>> 

(ppbJ             IPPb) 

(ppbt 

Ippbl 

47                   M 

tti 

19 

12 

Mi 

in 

147 

Vb 

n 

33 

3 

S« 

IB 

12 

an 

IM 

•0 

20 

Zp 

»4 

90 

Aa 

Co 
Cr 
CU 
Hg 

n> 

(1)  250  m  pellet 

(2)  10  M  ■aaQ>le,  referanoe  (2) 
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Analysis  or  Geniumiuiii  and  Tin  bv  Htdride  (iciUTJliiJii  D.C.  Pbs»m  Alomic 

Fmissifin   Spfctri>nn-lrv' 

Ian  D.  Orindle  and  Xiau-chun  Lc 
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Introduction 

The  mcasuremcni  of  hydride -forming  elemenis  ai  low  concentrations  is  of  interest  to 
atmospheric  chemists  concerned  with  the  elemental  composition  of  airborne  particulates. 
Germanium  is  an  clement  that  is  widely  distributed  in  nature  but  occurs  rarely  in  concentrated 
form.  The  association  of  germanium  with  coal  dust  and  ash  has  tnade  these  materials  sources  of 
germanium.  This  association  with  coal  burning  may  also  be  a  benefit  for  in  the  study  of  airborne 
paniculates.  Thus  the  collection  and  analysis  of  airborne  paniculates  on  filters  may  show  the 
relationship  of  germanium  concentrations  to  industrial  activities  associated  with  coal-buming.  Tin 
can  appear  in  particulates  derived  panicularly  fnwn  scrap  metal  smelting. 

With  the  development  of  hydride  generation  as  an  cfficicm  sample  introduction  method, 
detection  limits  of  2  to  3  orders  of  magnitude  better  than  conventional  nebulisaiion  methods  have 
been  achieved  using  these  spectromeiric  methods  coupled  with  hydride  generation  techniques. '  "* 
Germanium  was  first  determined  by  Pollock  and  West.*  This  has  subsequently  been  improved  by 
a  number  of  people,  most  recently  by  Andrcac^  for  sea  water  and  by  Brindle  and  Ceccarclli- 
Ponzoni.' 

*  Results  in  this  paper  are  reponcd  in  The  Analyst  (London),  1988,  113.  1377-1381  and  The 
Journal  of  Analytical  Atomic  Spectrometry.  1989,  4,  in  the  press.  The  results  are  reproduced  with 
the  kmd  permission  of  the  RoyalSocieiy  of  Chemistry 
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Inicrfcrence  has  been  a  reciirrcm  problem  with  ihc  determination  of  hydride  forming 
eiemcnis  and  transition  elements  have  generally  been  regarded  as  the  major  source  of  the  problem. 
Several  workers  have  offered  reagents  lo  overcome  some  of  these  problems.  These  reagents  are 
often  specific  to  the  periicular  cienieni.  Thus  interferences  in  ihc  dcierminaiion  of  tin  have  been 
reduced  by  sodium  oxaJatc,8  tartaric  acid.9.I0  iodide,^  iron{lli).^  and  thiourea."  while  onho- 
phosphoric  acid,  malic  acid,  and  EDTA  have  been  used  in  ihc  rcdiit;uon  uf  interferences  in  the 
dctcnninalion  of  germanium, '  2 

Our  previous  work'-^  showed  ihai  L-cysiinc  was  superior  id  other  agems  used  lo  reduce 
interference  from  transition  vnetai  ions  in  the  deicrminaiion  of  arsenic.  Thus  L-cystine  has  the 
advantages  of  high  efficiency,  low  arsenic  blank,  low  toxicity  and  ready  availability.  With  a  3% 
L-tystine  solution  in  5  M  HCl,  inlcrferenccfroin  lO.OOCgmll  ofCoCIO.  Cu(II>.  Fean&U) 
and  NidO.  and  1000  us  ml''  of  Ag(I).  Hgdl)  and  Pi(IV)  in  the  determination  of  arsenic  by 
hydride  generation  were  eliminated.  The  use  of  L-cysiine  in  the  elimination  of  interferences 
suggested  that,  with  appropriate  modiftcalions.  this  same  sysicm  might  be  used  in  the  reduction  of 
interferences  in  the  determination  of  other  hydride  forming  elements  such  as  germanium  and  tin. 

Eiip«rimental  Section 
Appurulus 

The  c(]uipiiiciu  used  included  a  Beckman  Spcctraspan  V  d.c.  plasma  atomic   emission 
spectrometer  with  a   modified  sample  tube,  a  Daiaspan  data  storage  sysicm,  a  Sargent- Weich 
XKR  chad  recorder,  and  a  Beckman  hydride  generator  modified  as  described  previously.'-*  A 
further  modificadon  for  this  a[^ltcation  was  the  incorporation  of  a  calcium  chloride  drying  tube 
instead  of  ihc  Porapak  Q  tube.  In  these  determinations,  the  presence  of  Porapak  Q  did  noi  improve 
the  signals.  The  expense  of  the  Pompak  Q  and  the  need  to  replace  it  frequently  because  of  wetting 
made  it  expedient  to  eliminate  this  tube,  thus,  two  drying  columns  in  series  packed  with  calcium 
sulfate  and  calcium  chloride  respectively  were  used  for  the  deiermination  of  lin  and  a  single  cakium 
sulfate  column  was  us«J  for  ihc  deiemiiniiiion  of  ccmuinium, 
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The  emission  lines  at  ihc  284.(X)  nm  and  303.906  nni  were  used  for  tin  and  germanium 
rcspetuvcly,  with  an  cnnance  slit  of  50  tun  (horizontal).  300  jim  (vertical)  arid  with  an  cxil  slit  of 

100  (im  (horizontal),  300  jim  (vertical).  Photomultiplier  voltage  and  anq>lifier  gain  settings  were 
used  appropriately  to  provide  convenient  signals  and  to  minimise  ttoise.  A  Brinckman  variable 
volume  Macro- Transferpeii™-  was  used  for  all  analylc  injecticms  with  the  volume  fixed  at  S.O  ml.  A 
disposable  syringe  was  used  for  the  injection  of  1.0  ml  of  4%  sodium  ieinih>-droboraie(nn 
sokiiion. 

Reagents 

Tin  stock  solution  (1000  |Jg  ml-')  was  prepared  by  dissolving  1  g  tin  shot  weighed 
accurately  ("Baker  Analysed"  Reagent.  100.0%)  in  concentrated  hydrochloric  acid  (1(X)  ml)  and 
was  diluted  with  deionised  water.  Germanium  standards  were  prepared  froin  ammonium 
gemianiumdV)  oxalate  hydrate  (99.998  *  Gold  Label,  Aldrich  Qiemical  Company),  with  a 
ccnified  germanium  concenirauon  of  14.5  %.  Standard  solutions  were  made  by  serial  dilution 
from  these  stock  solutions  with  0.05  M  HNO3  unless  otherwise  stated.  Low  concentration 

Standards  were  made  up  immediately  before  use    to  obviate  any  problems  wiih  losses  due  to 
adsorption  or  other  causes. 

Sodium  teirahydroborate(ni)  from  Anachemia  was  used  as  the  reducing  ageni  since  it 
had  II  very  low  lin  blank.  Later  lots  were  found  10  have  higher  concentrations  of  tin.  TTius  there  is 
an  obvious  need  to  check  on  each  batch  of  reagent  before  it  is  used.  Relatively  higher  lin  blanks 
were  found  in  98%  NaBH4  frwn  Aesarand  Aidrichcotiesponding  toOl  |ig  g'.  In  under  further 
to  decrease  the  tin  blank  in  the  NaBH4  reagent,  solution  were  treated  by  sparging.  An  appropriate 
amount  of  NaBHj  was  dissolved  in  deionised  water.  This  solution  was  sparged  with  argon  for 
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30  minuKs.  The  tin  blank  was  decreased  significandy  by  this  procedure  due  probably  to  the  release 
of  the  tin  hydride  from  the  NaBH4  solution.  An  aliemutivc  method  for  the  reduction  of  the  tin 
concentration  has  been  described  by  Hodge  et  al.  where  electrolysis  was  used  to  reduce  the  tin  in  a 
heavily  conimninated  sodium  tctrahydroboraic(lll|  reducing  agcnt.'5  To  minimise  decomposition, 
sufficient  solid  sodium  hydroxide  was  added  to  the  solution  lo  make  it  0,1  M  with  respect  to 
NaOH,  This  solution  was  filiercd  prior  to  use.  Solutions  of  NaDH4  were  prepared  fresh  every 
three  days  and  kept  m  polyethylene  boiilcs  prior  to  use 

BDH  AnalaR  nitric  acid  was  found  to  have  a  high  tin  blank,  and  s<i  E.  Merck  Suprapur 
nitrif  acid  was  used,  which  was  found  to  have  a  low  tin  and  germiiniuni  bhink.  l.-cystinc  was 
obtained  from  Sigma  (Sigma  gmde)  and  was  Ltlso  found  lo  have  a  low  tin  and  germanium  blank. 
All  other  chemicals  were  analytical  reagent  grade  or  bciier.  Tin  blanks  in  ihc  reagenis  were 
subtracted  from  tin  signals,  germanium  blanks  were  found  to  be  negligible, 

Sample   Dissolution 

DelLrminaliuns  in   the  presence  of  l.-cyslinc 

NBS  Standard  Reference  Materials.  Open-Hearth  Iron  55E.  Low  Alloy  Sice!  363.  and  Copper 

"Benchmark"  II  and  III  were  selected  for  analysis  as  representing  a  range  of  conccniraiions. 

Approximately  0. 1  lo  2  g  of  each  sample  was  weighed  accurately.  The  sample  was  dissolved  in  10 

ml  of  ) ;  1  nitric  acid  water  solution  with  gcnilc  heating  and  then  transferred  to  a  500  ml  volumetric 

lliisk.  The  solution  w;i>.  diluted  lo  the  mark  wiih  dcionised  water,  A  1(1  ml  aliquot  of  the  sample 

solution  was  transferred  to  a  HK>  ml  volumetric  flask  and  diluted  to  the  mark  with  0.04  M  nitric 

acid  solution.  The  final  concentration  of  nitric  acid  in  the  analyie  solution  wa.s  approximately  0,05 

M. 
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Sample  preparation  v/Hh  L-cysteine 

Two  samples  were  prepared  for  detcrminaiion,  ihc  National  Bureau  of  Standards  Standard 

Reference  Materials  (SRM)  "Benchmark*  Copper  I.  and  Open  Heanh  Iron  55E. 

Copper  I:  A  sample  of  the  SRM  {I.0-1.5  g)  was  weighed  accurately  and  transferred  to  a 
hiMkcr.  A  ^littion  of  h  1  V/V  nitric  arid  (20  ml)  was  added  and  the  solution  was  allowed  to  stand 
urnil  all  of  the  sample  had  dissolved.  The  solution  was  transferred  to  a  100  ml  volumetric  flask 
and  made  up  lo  the  mark  with  deionised  water.  A  2.0  ml  aliquot  was  taken  and  diluted  to 
approximately  85  ml  with  a  solution  of  0,4  %  n-\P</  L-cysteinc,  The  pH  was  adjusted  lo  2-3-2.5 
wiih  a  1:1  V/V  solution  of  ammonia  before  the  solution  was  tntnsfcned  to  a  100  ml  volumetric 
tiask  and  made  up  to  the  mark  with  0.4%  mA'  L-cysi«ine. 

Open  Hearth  Iron  55E:  A  sample  of  the  SRM  (1-1.5  g)  was  weighed  accurately  and 
transferred  to  a  beaker,  A  solution  of  1 : 1  aqua  regia  VA'  (20  ml)  was  added  and  the  mixture  was 
allowed  to  stand,  with  gentle  wanning,  for  one  hour.  The  solution  was  then  transferred  to  a  500 
ml  volumetric  flask.  After  the  solution  was  made  up  to  the  mark  with  deionised  water,  a  5.0  ml 
aliquot  was  taken  and  diluted  lo  100  ml  with  a  0.4  %  mfW  solution  of  L-cysieine.  Adjustment  of 
ihc  pH  to  2.3-2.5  was  made  with  0.5  M  nitric  acid  prior  to  the  solution  being  made  up  to  the  mark 
m  the  volumetric  flask. 

Duplicate  samples  of  the  two  SRMs  were  spiked  with  germanium  to  determine  recoveries. 
Thus,  0.5  ^lg  germanium  was  added  to  one  gram  ofCopper  I  and  20  iig  germanium  was  added  10 

one  gram  of  the  Open  Hearth  Iron  55E, 
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Results  and   Discussion 

As  indicated  in  our  previous  work.^^  ihc  rclaiivc  position  ol'  ihe  plasma  and  Ihc  slit  is  an 
extremely  imporiant  facior  for  the  response  of  the  insu-ument.  This  is  supponed  by  ihc  work  of 
Ebdon  CI  ai.  ' '  who.  after  pcifomiing  a  simplex  opiimisaiion  procedure  on  the  d.c.  plama  atomic 
emission  speclromcicr  m  the  nomiiii  aspiration  imxif ,  observed  ihsit  the  "vcnicul  viewing  points" 
(i.e.  the  observation  height)  is  critical  and  depends  on  the  elenieni  being  determined.  A  simpIcK 
Optimisation  was  performed  on  the  system  using  the  hydride  generation  process  in  order  to  find  the 
bc.si  conditions  for  the  detcrminaiion.  Since  sleeve  gas  pressure  and  horizontal  position  of  ihe 
plasma  were  considered  by  Ebdon"  to  be  least  significant,  only  two  factors,  the  carrier  gas  flow 
rate  and  the  background  signal  (a  non-  linear  function  of  observation  height),  were  used  for  the 
simplex.  Signal  to  background  ratio  was  taken  us  the  response.  Using  set  conditions  for  ihc 
generation  of  germane  (outlined  below),  the  optimum  conditions  for  the  detcnni  nation  were  fouml 
to  have  an  argon  flow  rate  of  730  ml  min''  and  a  background  signal  of  6800  (with  no  gas  flowing 
through  the  hydride  generator).  After  the  simplex  was  performed,  the  two  factors  were  varied  one 
at  a  lime  to  find  the  range  of  the  opiinium  signal.  It  was  found  that  virtually  identical  signals 
could  be  obtained  over  a  range  of  flows  of  argon  from  600  to  760  ml  min' '  and  a  background 
reading  of  6000  to  9000.  Thus  the  argon  flowraieof730mlmin''  and  the  background  signal  of 
6800  were  used  for  the  cnrirc  study.  It  should  be  noted  that  Ihe  background  fell  to  between  400 
and  500  during  the  determination  as  the  argon  flow  changed  the  shape  of  the  plasma.  The 
background  signal,  without  gas  flowing  through  Ihe  central  tube,  proved  to  be  the  best  and  most 
reproducible  indicatnmf  the  observation  height  during  the  initial  .set  up  of  the  system. 

The  Hydride  Generation  Process 

The  rapidity  of  evolution  of  staiiniine  from  soUituin  during  reduction  by 
Ictrahydroboratcdll)'"  suggested  that  similar  conditions  may  al.so  obtain  in  the  generation  of 
germane.  Preliminary  experiments  showed  that  this  was  indeed  ihc  case  and  so  all  further 
determinations  were  performed  with  argon  flowing  continuously  through  the  apparatus.  Addition 
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of  solid  L-cystine  lo  the  reaciion  vessel  before  rcduciion  increased  the  signal  from  lin  and  so 
addition  of  solid  L-cysiine  was  also  considered  to  be  important  for  the  determination  of 
germanium.  In  addition,  it  was  felt  that  (Se  soluble  L-cysieine  might  be  more  easily  handled  and 
thus  provide  convenient  interference  reduction  similar  to  the  rather  insoluble  L-eysiinc  which 
created  a  foaming  problem. 

Sodium  leirahydroboratedll)  solutions  with  concentrations  from  1  lo  \i)%  m/V  were  used  to 
identify  the  best  concentration.  Within  the  range  of  4  to  10%.  results  were  virtually  identical. 
Below  these  values,  the  signals  were  reduced.  A  solution  of  6%  sodium  tetrahydroborate(III) 
stabilised  with  sodium  hydroxide  (DIM)  was  chosen  for  all  detwminntions. 

Nitric  acid  and  hydrochloric  acid  were  investigate  as  media  for  tin  and  germanium  solutions. 
The  effect  of  ihcir  concentrations  was  found  to  be  rather  similur  on  the  signals  from  tin  and 
germanium  inpreliminary  experiments  and  so  nitric  acid  was  chosen  as  the  medium  of  choice  since 
most  samples  of  meials  etc.  ure  dissolved  in  nitric  acid  prior  to  analysis  and  since  germanium  can 
easily  be  lost  from  hydrochloric  acid  via  its  volatile  tetrachloride.  Signals  from  tin  and  geniianitim 
are  considerably  enhanced  by  the  presence  both  of  L-cysteine  and  of  L-cystine.  In  addition,  the 
best  signals  from  these  elements  were  achieved  in  the  presence  of  0.4%  L-cysieinc  and  ai  a  lower 
acid  concentration  {0.01-0.02M  HNO3I.  Compared  with  the  signal  in  the  presence  of  only  nitric 

acid,  in  the  presence  of  0.4  %  L-cystcine,  the  signals  inci^ascd  up  to  approximately  100%.  his 
interesting  to  note  thai  the  pH  of  the  solucion,  after  the  reaction  is  complete,  is  siill  slightly  basic 

IpH  S. 4-9.0)  wiih  l,-cystinc,  L-cysicinc,  and  wiihoui  any  inccrfcrencc  reducing  agent. 

L-Cystine  created  a  foam  during  the  determination  which  limited  the  volume  of  solution  thai 
could  be  used  for  the  analysis  to  approximately  5.0  ml.  This  foaming  was  reduced  considerably 
when  the  solution  was  made  up  to  0.4%  nW  with  L-cysieine  instead  and  allowed  a  larger  volume 
of  the  anulyte  solution  to  be  used.  The  best  volume  fw  this  system  was  found  to  be  9.0  ml.  The 
time  for  a  complete  determination  typically  was  less  than  one  minute. 
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Interference 

Our  previous  woik  1 3  showed  that  a  solution  of  3%  L-cysiinc  in  5  M  HCl  played  an 
efncieni  role  in  reducing  interferences  from  transition  metal  ions  in  the  dciermination  of  arsenic.  L- 
cysiinc  dissolves  in  5  M  hydrochloric  acid  but  is  poorly  soluble  in  distilled  water.  Clearly  a 
strongly  acidic  solution  would  interfere  with  the  production  of  both  SnH4  and  GeH4.  To  solve 

this  problem  initially,  solid  L-cysiinc  was  directly  added  lo  the  reaction  vessel  for  each 
determinaiion.  Ii  rapidly  became  clear  that  L-cystinc  was  efficient  for  reducing  interferences  from 
transition  elements. 

Preliminary  studies  were  carried  out  with  tin  lo  choose  the  appropriate  amount  of  L-cystinc 
to  be  added  to  the  reaction  vessel.  The  tin  signal  increases  with  the  increase  of  L-cystine  added 
until  0,07  g  had  been  added.  Ai  this  point,  the  tin  signal  is  approximately  10%  greater  than  the 
signal  in  the  absence  of  L-cystinc  and  remains  at  this  level  as  increasing  amounts  of  L-cystinc  are 
added.  In  the  presence  of  interfering  ions,  a  greater  amount  of  L-cystine  is  retiuircd.  Thus  in  the 
presence  of  10  jig  ml'  or  100  \ig  ml"'  Nidi),  ihc  tin  response  increases  until  it  reaches  a 
maximum  when  0.3  g  of  L-cysiine  is  added.  Although  satisfactory  recovery  of  10  p.g  ml" '  Ni(!l) 
is  achieved  at  this  level,  in  the  presence  of  100  Hg  ml" '  nickel,  the  recovery  is  only  60%  and  stays 
at  this  level  over  the  addition  of  0,3  g  lo  0.9  g  L-eystine.  Therefore.  0.4  g  of  solid  L-cystine  was 
the  amount  chosen  lo  he  added  to  the  reaction  vessel  for  each  deienuinaiion. 

IniheabsenceofL-cysiine.O.lOMgml-l  Ni(in.  0.50  jig  ml-'  CodI).  S.Ong  ml-l  Cu([n 
or  5.0)Ag  ml''  Fe(n)  reduce  (he  tin  signjil  severely.  These  results  are  in  agrecnicni  wiih  reports  in 
the  liicraturc. "  ■  11-18  However,  with  the  addition  of  solid  L-cystine,  solutions  of  10  ng  ml' 
Nidi).  UX)  ng  m!-l  CodI).  1000  ng  ml"'  CudH  or  lOOOO  ng  ml-'  Fefll)  do  not  interfere 
significantly  with  the  tin  signal.  Thus,  with  L-cystine,  the  high  concentrations  of  transition  ineial 
ions  can  be  tolerated  without  interference  in  the  determination  of  tin  by  siiinnane  generation. 
Compared  with  other  intcrfcrcnL-e  reducing  ugcnts.  such  as  thiourea,  sodium  oxalate,  and  iodide, 
L-cystine  is  the  most  efficient  in  reducing  tin  interferences  from  tmnsiiion  metal  ions.  Tahic  1 
summarises  the  recoveries  of  0.40  ng  ml"'  tin  in  the  presence  of  other  interfering  ions  with  and 
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wiihout  the  addiiion  of  L-cysiine. 


Table  1 
Recovery  of  0.40  ng  m\-^  from   Interfering  Ions 


Interferant 

Form  of 

Inierfenint 

Recoveries  % 

inicrferani 

Concentration 

without 

with 

(mgml') 

L- Cystine 

L-Cysiine 

Ag(l) 

AgN03 

10 

96 

98 

AuOTI) 

AuQ? 

1 

too 

100 

10 

87 

77 

100 

17 

46 

CddD 

Cd(N03)2 

100 

71 

100 

1000 

83 

74 

cr<vn 

KiCnOj 

100 

102 

100 

1000 

76 

82 

Hg{U) 

HgO: 

10 

98 

100 

100 

91 

102 

1000 

80 

96 

MnCO) 

MnSOt 

1000 

97 

lOO 

lOOOO 

100 

100 

Mo(VI) 

(NH4)6.Mo7024 

100 

81 

98 

1000 

42 

67 

10000 

22 

35 

Pb(ll) 

Pb(N03) 

100 

100 

, 

lOGO 

103 

105 

PddD 

PdCl2 

1 

65 

58 

10 

48 

21 

100 

6 

11 

Pl(lV) 

H2PtCl6 

1 

89 

63 

10 

46 

37 

100 

7 

26 

V(V) 

NH4VO3 

200 

100 

100 

2000 

53 

72 

Zn(II) 

Zn(N03)2 

100 

69 

- 

1000 

71 

87 
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Preliminary  siudies  were  ;;arried  out  ti)  investigate  the  best  concentraiion  of  L-tysieinc  to  use 
in  order  to  reduce  interferences  in  the  determination  of  germanium.  The  enhancement  of  the 
germanium  signal  reaches  a  maximum  when  ihe  concentration  uf  L-cysleine  is  0.02  %  m/V,  At 
this  concentration,  inicrferencefnjm  a  copper  solution  containing  5()()^liJ  ml"l  was  also  eliminaicd. 
For  nickel,  however,  the  interference  from  a  solution  containing  5  (Ag  mi"'  nickel  required  a 
minimum  concentration  uf  0.2%  mA'  L-cysteine.  Signals  from  germanium  were  reduced  at  a  L- 
cysieine  concentration  of  1 .0  %  m/V.  Thus  the  concenuniion  of  L-cysteinc  chosen  for  interference 
reduction  was  O.A  %  m/V. 

It  is  clear  that  both  solid  L-cystine  and  0,4  %  nW  L-cysieine  reduce  interferences  substantially 
and  to  a  similar  degree  in  most  cases.  Thus  concentrations  of  inicrfcring  ions  can  be  tolerated  at 
100  lo  1000  limes  the  levels  without  the  suppressant.  Palladium  strongly  interfered  in  the 
production  of  SnH4  andGeH4  with  both  interference  reducing  agents  and  this  was  the  only  case 
where  addition  of  solid  L-cystine  to  the  IM(I!)  containing  solution  actually  caused  a  reduction  in  ihe 
signal  from  gennanium.  With  a  solution  of  L-uysieine.  however,  the  interference  is  reduced  and 
solutions  containing  up  to  10|jg  ml"'  of  palladium  can  be  tolcruted  without  a  substantial  loss  in  ihe 
signal  from  germanium. 

Table  2  below  shows  the  recoveries  of  germanium  in  the  presence  of  various  transition 
elements.  Generally  there  is  a  very  satisfactory  recovery-  of  germanium  at  concentrations  of 
iransiliof)  dements  ihat  would  be  encountered  in  the  course  of  analysis.  The  sensitivity  of  the 
method  is  generally  such  that  dilution  of  ihe  solution  will  bring  theconccntnition  of  the  interfering 
element  wiihin  the  range  where  L-cystcine  will  reduce  its  inierference  to  a  negligible  level. 
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Table  2 
Inlerference  reduction    studies  on  the  delerminalion  of  germanium 


Mi-lal  Ion 

Amount 

Germanium 

Added 

Added 

Recovery  (%) 

So  Tnterference- 

1,-cvstt'ine 

L-cjstine 

reducing  agent 

0.4%  m/V 

0.4 

g 

(5  ml   1.0  ppb  Ge)  (9.0  ml  0.5 

(S.fl 

ml    1.0 

ppb  Ge) 

ppb 

Ge) 

Ni(in 

I.Om!  OlOppm 

56 

- 

100 

2.0  ml  0.10  ppra 

50 

- 

1. 0  ml  1.00  ppm 

0 

100 

100 

1.0  ml   10.0  ppm 

100 

2-0  ml   10.0  ppm 

90 

- 

1.0  ml  50.0  ppm 

7i 

- 

1,0  ml    100  ppm 

SI 

- 

1,0  ml    500  ppm 

15 

■ 

Cu(II) 

1,0  ml   1.00  ppm 

97 

100 

100 

1.0  ml   10.0  ppm 

49 

100 

96 

1.0  ml    100  ppm 

13 

100 

97 

1 .0  mt    500  ppm 

0 

98 

97 

1.0  ml  1000  ppm 

- 

100 

- 

2.0  ml  1000  ppm 

- 

S3 

- 

1 .0  ml  5000  ppm 

• 

72 

- 

2-0  ml  5000  ppm 

- 

M 

- 

Co(!I) 

1.0  ml   1,00  ppm 

100 

98 

100 

1.0  ml   10.0  ppm 

34 

100 

100 

l.Oml  50,0  ppm 

■ 

103 

- 

1.0  ml    100  ppm 

0 

91 

92 

l.Oml    500 ppm 

- 

73 

- 

1,0  ml  1000  ppm 

- 

53 

- 

Fc(Ul) 

1,0  ml   10.0  ppm 

95 

too 

100 

1.0  mi    100  ppm 

83 

100 

- 

I.OmI    500  ppm 

- 

100 

- 

l.Oml  1000  ppm 

2S 

97 

96 

2,0  ml  1000  ppm 

77 

- 

ZnOD 

0,5  mi    100  ppm 

92 

100 

- 

l.Oml    100  ppm 

74 

94 

100 

0.5  ml  1000  ppm 

100 

l.Oml  HXWppm 

93 

CdiU) 

0.5  ml    100  ppm 

. 

100 

- 

1,0  mt    100  ppm 

87 

86 

100 

0,5  ml  1000  ppm 

- 

73 

l.Oml  1000  ppm 

56 

- 

7(t 
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Hgdl)   0.5  ml   lO.Oppm  •  96 

1.0  ml    10.0  ppm  95  -                         JOO 

0.5  ml    UX)ppm  -  i(X) 

1,0  ml      50  ppm  93 

1.0  ml    UK)  ppm  10_T  -                        9g 

0.5  ml  100(1  ppm  -  loo 

1.0  ml  1000  ppm  41  103                        87 

Pt(IV)    1.0  ml  0,10  ppm  -  100 

1.0  ml  1.00  Dom  -  M 


1.0  ml  1.00  ppm 
1.0  ml  10.0  ppm 
2-0  ml  10,0  ppm 
1.0  ml  100  ppm 
2.0  ml    100  ppm 


AuOU)  1. 0  ml  0,10  ppm  -  98 

1.0  ml  1,00  ppm  •  99 

1,0  ml  10.0  ppm  -  100 

0.5  ml  100  ppm  -  100 

1.0  ml  KXlppm  -  89 

2.0  ml  100  ppm  •>« 


78 


Pd(II)     1,0ml  O.lOppm  -  UX) 

1.0  ml   1, (Ml  ppm  -  100 

0.5  ml   10.0  ppm 
1.0  ml   10.0  ppm 


100 
94 


I  .ij  rru    i\i.<j  ppm  -  vt 

1.0  ml    IMppm  -  83 

2.0  ml    100  ppm  -  23 

Mo(VI)0.5ml      100  ppm  -  100 

J.Oml     lOOppm  100  100 

0.5  ml   KXXlppm  -  UK) 

1.0  ml   1000  ppm  78  100                        96 

0.5m!10(KX)ppm  -  50 

I.O  mil 0000  ppm  0  -                            20 

V(V)     0,5  ml     2tWppm  -  106 

1,0  ml     2m  ppm  97  .                          100 

..  .     .  ^^ 

98  -                        97 


97 

94  -  97 


!,i>mi  ztHippm 
0.5  ml  2000  ppm 
1 ,0  ml  20(H)  ppm 

Mndl)   0.5  ml  KHM)  ppm 

1,0  ml   1000  ppm  v-t  -                         ■^i 

0,5  mll00(X)ppm  -  100 

1.0mll00(K)ppm  K6  -                         93 

T1(I)      0,5  m!    100  ppm  -  100 

0,5  ml  HHK)  ppm  -  100 

1,0  ml  1000  ppm  -  94 
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Cr(Vr)  0.5  ml     inOppm 

l.Onil      HXIppm  102 

0.5  ml   UXXJppm 

1.0  ml    l(XX)ppni  92 

O.SmlKKXKIppm 

l.OmlKXKWppm  0 


Ag         0.5  ml    23.6  ppm 
1.0  ml    22.6  ppm 


92 


100 

. 

100 

97 

, 

- 

$4 

72 

40 

94 

91 

lOQ 

Table  3  shows  ihai  ihe  behaviour  of  hydride  forming  demenis  is  diflenjni  from  the  transiiion 
ciemenis.  It  appears  thai  there  is  i^lativcly  liiile  interference  from  ihese  elements  under  the 
conditions  of  ihe  hydride  forming  reaction,  except  for  selenium.  In  fact,  L-cysieine  appears  to 
inhibit  the  formation  of  germane  at  high  concentrations  of  selenium.  Surprisingly,  tin  shows 
essentially  no  interference,  even  though  the  conditions  for  the  generation  of  siannanc  arc  essentially 
the  same  as  for  the  generation  of  ficniianc. 


Table  3 
Recoveries  of  (Jermanium  from  Solutions  Containing  Other  Hydride-Forming 

Elements 

Melal  Ion       .\mount  Cermanium 

Added  Added  Recovery  (%) 

5.7r7S"rT.7lTppb"Ce  9,Tl~mrOn"ppb"Ce*" 

in  0.04  M  [!N()3  +  in  0,04  M  HNO^ 

1.5  mi  6%  m/V  and  0.4  %  m/V 

NaBH4  L-cystcine  +  2.0  ml 

6%  m/V  NaHH4 

Sndl)             0.5  ml     100  ppm  95  97 

1-0  ml    100  ppm  93  94 

0.5  ml  KXK)  ppm  98  103 

1,0ml  1000  ppm  lOS  97 

PtHlI)  1,0ml     100  ppm  97  100 

0.5ml  10(X)ppm  -  !00 

1.0  mi  KHWppm  94  93 

Asdin  0,5  ml    l(K)ppm  88  103 

1,0  ml    100  ppm  85  ^ 

Sb(lll)  0.5  ml     100  ppm  100  100 

1.0  ml    UXlppm  88  94 
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Sc(IV) 


Te(IV) 


0.5  ml  tnppm 
1.0  ml  lOppm 
0.5  ml  100  ppm 
1.0  ml  100  ppm 
0-5  ml  1000  ppm 
1.0  ml  IO(X)ppm 

0.5  ml  100  ppm 
1.0  ml    100  ppm 


85 
83 
88 
95 

48 
25 

98 
98 


100 
100 
69 
39 
26 
10 

100 
94 


Di'lcrminalion  of  Tin  in  NBS  Standard  Reference  Material  Benchmark  Cupper, 
Open  Hearth  Iron  and  Low  Alloy  Steel 

To  demonsiraie  the  uiility  and  accuracy  of  ihc  present  method  of  sample  analysis,  this  method 

was  iipplied  to  ihc  dcicmiinaiion  of  tin  in  ihe  NBS  Standard  Reference  Copper  Benchmark 

Standards    11  and    III,    Open    Hcanh    Iron    ."iSE   and    Low  Alloy   Sieel  363.  Although    no 

systemaiic  interferences  were  anticipated  on  the  basis  of  previous  experiments,   the  method  of 

standard  additions  was  used  to  improve  the  accuracy  of  the  determination  and  to  see  if  there  were 

any  systematic  errors  associated  with  the  determination.  Three  replicate,  standard  addition 

deicnninations  were  made  for  each  standard,  except  for  the  I-ow  Alloy  Steel  363.  The  results  an; 

shown  in  Table  4.  Paired  i-tesis'^  showed  that  there  were  no  significant  differences  between  the 

results  obtained  by  the  present  method  and  the  cenifted  valtKs. 

Table  4 

Concentrations  of  Tin  in  NBS  Standard 

Reference  Materials  (^g  g"') 


SaiWk  This  work 

mean  -  s.d.  (n)  from 
standard  addition 
curve  (20):  n  =  number 
of  points  on  the  line 


Mean  ±Pooled  s.d 


CctTified  Value 


Benchmark 
Copper  n 


1.4  ±0.1    (7) 

1.5  ±0.3    (5) 

1.6  ±0.1    (4) 


1.5  ±  0.3 


1.5 
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Benchmark  0.82  ±  0.05  (6) 

Copper  in  0.76  ±0.03  (5) 

0.76  ±0.1 1  (6) 


0.78  ±  0.07 


0.8 


Open  Hear*  69  ±  2  (7) 

Iron  55E  68  ±  1  (7) 

68  ±  3  (7) 


68±2 


70 


Low  Alloy 
Sieel  363 


9.7±C0.4)xIO2c5) 


9.7  ±  (0,4)  K  10^  l.OiX  103 


The  slopes  of  the  calibration  curve  and  standard  addition  curve  were  parallel  and  the  correlation 
coefricient  faciors  of  ihcse  regression  lines  were  better  than  0.99.  "Hie  intercepts  and  standard 
deviations  were  calculated  from  ihc  standard  addition  line  by  the  method  outlined  by  Miller  and 
Miller^''  and  adapted  lor  use  on  the  EXCEL  database  program. 

Determination  uf  Germanium  In  Copper  and  Iron 

Dciermination  of  germanium  in  the  "Benchmark"  Copper  I  by  the  standard  addition  method 
(.S  points)  revealed  that  the  germanium  concentration  was  below  the  deieciion  limi!  which,  ai  the 
dilution  employed  in  this  determination,  was  0.07  [ig  g''.  The  sample  spiked  with  0.5  ng  of 
germanium  was  determined  lo  have  a  concentration  of  0.52±0.02  ^ig  g- 1  by  standard  additions  (5 
points).  This  determination  is  consistent  widi  a  germanium  conccntradon  of  less  than  0,07  Jig  g"' . 

The  germanium  concentration  of  the  Open  Heanh  Iron  55E.  dciennincd  by  standard  addition 
(5  points),  wasJ8.3±0,7  ^g  g^'  and  from  a  calibration  curve  (5  points)  was  18-6±0-6(ig  g''. 
The  sample  spiked  with  20)Jg  of  germanium  gave  a  recovery  of  103%  based  on  a  5  point  standani 
addition  dciermination.  Excclleni  spike  recoveries  and  the  lack  of  systematic  interferences,  as 
revealed  in  [he  standard  addition  experiments,  suggest  thtu  this  method  may  be  very  useful  in  the 
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detemiinaiion  of  germanium  in  siandard  reference  materials.  Ai  i!ie  present  linic,  no  standard 
reference  materials  available  from  the  National  Bureau  of  Standards  have  certified  values  for 
germaniuin. 

Detection  Limit 

The  detection  limit,  defined  as  three  limes  the  noise,  was  found  lo  be  20  pg  ml"'  (or  100  pg 
for  a  5  ml  sample)for  tin  and,  with  a  9.0  ml  sample,  the  detection  limit  for  the  determination  of 
germanium  is  lOpgrnl'  (or  ISOpg  for  a  9.0  ml  sample). 

Conclusion 

A  solution  of  0,4%  tnA'  L-cystcine  reduces  interferences  from  transition  elements  to  a  point 
where  the  determination  of  tin  and  germanium  in  most  matrices  can  be  made  rapidly.  This  method 
shows  promise  as  a  method  for  the  tjctcrmination  of  germanium  in  environmental  and 
metallurgical  applications. 
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USE  OF  THE  HOT  GAS  SLURRY  TECHNIQUE  FOR  SOLID 

SABJPLE  INTRODUCTION  FOR  ICP-AES. 
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University,  801  Sherbrooke  St.  W.,  Montreal,  Quebec,  Canada 
H3A  2K6 


INTRODUCTION 

One  of  the  prtmary  limitations  of  conventional  laboratory  instrumentation  is  Its 
Inability  to  do  very  low  level  determinations  direcUy  in  solid  materials.  Recent 
experience  in  our  laboratory  with  "real  solid  samples"  has  led  us  to  Investigate 
slurry  sample  Introduction  methods  for  ICP-AES.  Slurry  methods  have  the 
distinct  advantage  that  it  produces  a  static  signal  allowing  sufficient  Ume  for 
background  correctlOTi  methods  and  even  rapid  scaimlng  spectrometers  to  be 
used.  Analysis  by  the  slurry  methods  are  simple  to  perform  and  require  very 
limited  modlflcation  to  the  ICP  system  normally  used  for  liquids.  Our  initial 
experiments  demonstrated  to  us  that  slurries  did  offer  many  of  the  claimed 
advantages,  e.g.  calibration  with  aqueous  standards,  however  detection  limits 
were  signiflcantly  reduced.  This  is  to  be  expected  since  a  1%  slurry  is.  In 
essence,  a  1 : 1 00  dilution  of  the  sample.  Higher  percentage  slurries  could  be 
used  but  handling  of  the  suspended  solid  becomes  more  difficult  as  the  load 
Increases. 

In  our  search  for  better  detection  limits  with  slurries  we  have  followed  a  general 
methodology  used  by  VeiUon  and  Margoshes  ^ .  The  use  of  a  heated  spray 
chamber  followed  by  a  condenser  was  reported  to  result  in  a  dry  aerosol. 
Configurations  of  this  type  are  now  common  with  ultrasonic  nebullsers  where 


VeUlon.  C:  Margoshes.  M.  SpectrocfUm.  Acta  1968.  23B.  553-555. 
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the  very  large  amount  of  solvent  must  be  removed  before  reaching  the 
atomlsatlon  source.  This  papers  reports  on  the  use  of  this  general  design  with 
a  Babtngton  type  nebullser  for  the  introduction  of  slurry.  The  key  addition  to 
the  system  is  the  use  of  a  hot  gas  throu^  the  nebullser.  This  new  system  was 
expected  to  provide  a  sufficient  Input  of  thermal  energy  through  the  nebullser 
gas  and  the  walls  of  the  spray  chamber  for  the  development  of  either  smaller 
droplets  or  possibly  aerosol  particles  which  should  transport  to  the  plasma 
with  much  higher  efficiency.  Higher  transport  efficiency  should  result  in 
Improved  detection  limits  tf  plasma  excitation  conditions  remain  essentially 
unchanged. 

EXPERIMENTAL 

HOT  NEBUUSER  GAS  SLURRY  SYSTEM 

A  Legere  nebullser^  and  spray  chamber  were  used  with  a  cooled  inner  coil 
condenser  similar  to  the  arrangement  of  Velllon  and  Margoshes^  TTie  normal 
PVC  sample  input  tube  was  replaced  by  a  stainless  steel  tube  to  allow  the  use 
of  a  high  temperature  environment.  The  sample  la  fed  to  the  nebullser  by  a 
peristaltic  pump.  The  argon  gas  was  heated  to  the  desired  temperature  when 
passed  through  copper  tubing  wrapped  with  a  heating  tape.  The  temperature 
of  the  gas  was  adjusted  with  an  electronic  temperature  controller  which 
receives  feedback  from  a  thermocouple  placed  in  the  copper  gas  line 
Immediately  before  the  nebullser  body.  The  glass  spray  chamber  was  wrapped 
with  a  heating  tape  which  extended  from  the  nebullser  to  over  the  glass 
connector  leading  to  the  condenser.  A  variable  power  supply  was  used  to 
control  heating  of  the  spray  chamber  while  the  surface  temperature  was 
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measiired  with  a  theimocouple.  The  cooling  water  for  the  condenser  was 
maintained  at  10  C  (+/-  2  C)  by  circulation  in  an  Ice-water  bath.  The  inner  coil 
condenser  was  operated  in  a  vertical  position.  The  spray  chamber  Is  at  an  8 
degree  angle  with  the  horizon  to  allow  free  flow  to  the  drain.  In  this  work,  the 
heated  spray  chamber  was  used  to  maintain  the  hot  environment  produced  by 
the  hot  nebullser  gas  along  the  path  of  the  aerosol  to  the  condenser. 

SAMPLE  PREPARATION 

The  composition  of  the  aqueous  samiple  was  of  20  ppm  in  aluminum, 
cadmium,  copper,  lead,  nickel  and  zinc.  Analytical  grade  salts  or  spectroscopic 
grade  powders  were  used  for  the  preparation  of  those  solutions.  The  marine 
sediment  reference  material  BCSS- 1  (National  Research  Council  of  Canada) 
was  used  for  the  slurry  sample.  BCSS- 1  is  delivered  in  a  format  which  passes 
No  120  1125  micron)  screen.  Particles  of  less  than  3  microns  (97%  of  the 
particles)  were  obtained  with  a  thirty  minutes  grinding  In  an  agate  vlal.  The 
0.5%  (w/v)  BCSS- 1  suspension  In  water  was  treated  with  a  30  minutes 
sonicatlon  using  an  ultrasonic  bath  and  then  magnetically  stirred  during  the 
analysis  to  keep  the  sample  uniformly  suspended.  All  samples  were  made  with 
delonlzed  doubly-disulled  watex. 

A  Thermo  Jarrell-Ash  ICAP  61  direct  reading  spectrometer  was  used  for  all 
measurements  with  conventional  operating  conditions.  Intensity 
measurements  were  obtained  for  a  water  blank,  the  multielement  aqueous 
solution  and  the  0.5%  BCSS- 1  slurry.  The  signals  used  were  the  average  of  10 
repeats  of  a  10  seconds  Integration.  For  both  types  of  samples,  aluminum, 
cadmium,  copper,  nickel,  lead  and  zinc  were  monitored.  With  the  exception  of 
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aluminum,  all  are  part  of  the  tmce  consUtucnt  Ust  for  BCSS- 1.  our  target  "real 
sample". 

An  optimisation  of  the  hot  nebullser  gas  sample  introduction  system  was  done 
for  two  factors:  (1)  the  temperature  of  the  nebullser  gas  and  (2)  the  temperature 
of  the  spray  chamber.  The  gas  temperature  effect  was  studied  over  the  range 
of  23  C  to  235  C.  Spray  chamber  temperatures  ranged  from  23  C  to  250  C  for 
the  bqulds  and  up  lo  185  C  for  the  slurry. 

RESULTS  AND  DISCUSSION 

The  Hot  Nebullser  Gas  Slurry  system  was  first  tested  and  optimised  for  liquid 
samples.  An  optimum  Es/Blk  (Emission  signal  to  blank)  was  found  at  a  gas 
temperature  of  205  C  and  a  spray  chamber  temperature  of  1 10  C.  The 
improvement  of  the  optimisation  factor  at  a  specific  operating  condition  was 
calculated  with  respect  to  the  optimisation  factor  found  when  using  the  same 
system  at  room  temperature.  For  those  liquid  analysis  conditions,  an 
improvement  of  4.6  of  the  Es/Blk  was  obtained. 

The  optimisation  for  slurries  showed  slightly  different  optimum  conditions  than 
those  for  liquids.  An  Input  gas  temperature  of  235  C  instead  of  205  C  with  the 
same  spray  chamber  temperature  (110  C)  was  the  most  efficient,  Under  these 
conditions,  an  Es/Blk  improvement  of  6.5  was  obtained.   Running  the  BCSS- 1 
slurry  under  the  liquid  sample  optimum  conditions,  an  improvement  of  4.9  was 
observed. 

The  use  of  the  hot  nebullser  gas  system  for  the  nebuUsatlon  of  either  liquids  or 
suspensions  results  in  a  significant  improvement  of  the  emission  signal-to- 
blank-ratio  observed.  Therefore  the  analytical  performance  of  the  ICP-AES 
system,  particularly  the  detection  limit,  could  be  improved  by  this  sample 
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introducUon  system.  In  Ita  current  state,  a  short  term  Instability  of  the  signal 
is  observed  which  results  In  poor  noise  levels.  Work  is  in  progress  to  solve  this 
problem. 

At  this  point  we  have  optimised  the  temperatures  of  the  spray  chamber, 
gas  healing  system  and  the  viewing  height  for  one  set  of  conditions.  To  gain  a 
more  correct  estimate  of  the  power  of  the  system,  a  global  optimisation  would 
be  necessary.  EfTect  of  the  operating  condiUons  such  as  ncbuliser  gas  flow, 
nebuliser  liquid  flow,  plasma  power  and  gas  flows  and  condenser  would  have  to 
be  studied.  While  we  arc  encouraged  by  the  improvement  of  6.5,  we  expect 
that  further  Improvement  should  be  possible  when  these  other  factors  are 
included  in  the  optimisation  process. 
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ABSTRACT 

Nul ite   is   developing   an  advanced   technology   for  water 
treatment.  This  technology  uses  TiO^  photocatalytic  mineral i ;ation 

of  organic  pallutants  into  innocuous  inorganic  speciee.  A 
prototype  photoreactor  consisting  of  a  near  uv  lamp  surrounded 
coamally  by  a  fibreglass  mesh  to  which  a  thin  layer  of  TiOj 

( anatase )  is  firmly  bonded  was  fabricated  by  Nulite.  The  Nulite 
reactor  was  tested  on  each  individual  as  well  as  an  eauimolar 
mixture  of  all  components  of  the  Gloucester  Landf 1 11^  water  and 

found  to  be  very  efficient.  The  reactor  results  indicate  that  this 
technology  will  have  wde  application  in  the  cleanup  of  organically 
contaminated  waters  since  Gloucester  water  contains  four  different 
classes  of  the  major  concern  organic  pollutants. 


'correspondence  should  Be  addressed  to  this  author 

^Gloucester  Landfill  is  a  landfill  site  situated  in  the 
fownsh 1 p  of  G 1 oucester  outs i de  of  Ottawa ,  Ontar i o ,  F  rom  1  968  - 
1964,  It  has  been  the  repository  for  chemical  wastes  from  local 
laborator les. 
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INTRODUCTION 

The  presence  of  chlorinated  hydrocarbons  and  other  organic 
pollutants  ^n  natural  and  dnnkmg  waters  has  sparKed  much  concern 
both  in  europe  and  North  America.  While  many  of  these  pollutants 
are  nonbiodegradable  and  persistent  m  the  environment,  some  can 
ba  degraded  by  microbiological  processes .  Howaver ,  microbial 
degradation  requires  a  long  period  of  time.  In  contrast ,  other 
methods  are  generally  effective  in  removing  organic  pollutants  from 
water,  but  most  of  them  merely  transfer  the  pollutants  from  a  large 
volume  of  contaminated  material  into  a  smaller  volume  of 
concentrate  which  then  requi res  expensive  treatment  or  special 
dumping  permits.  Activated  carbon  treatment  has  been  widely  used 
to  remove  most  organic  compounds  from  such  large  volumes.  However, 
the  disposal  of  the  spent  carbon  poses  a  severe  problem  as  landfill 
sites  come  under  increasing  regulatory  restrictions.  Thus,  an 
exhaustive  search  is  currently  underway  for  an  alternative 
treatment  of  these  concentrates  and  the  original  waters. 

The  ohotocatalytic  mineralization  of  chlorinated  hydrocarbons 
and  other  organic  pollutants  in  water  mediated  by  illuminated  TIOj 
has  been  demonstrated^"' .This  approach  represents  a  highly  promising 
comp 1 e te  treatment  s i nee  1 1  wou 1 d  render  a1 1  organ  1 c  pol lutants 

virtually  harmless. 

The  illumination  of  TiOj  with  light  of  wavelengths  <400nm 
produces  photoelectrons  in  the  conduction  band  and  positive  holes 
in  the  valence  band: 

TiO,   >   B"cB  *  fi\i  (■") 
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Ths  ha1«(h*yg)  and  alectron  (e'cg)  b^s  both  able  to  participate  In 

chamical  reactions.   At  the  surface,  the  hole  reacts  with  either 
adsorbed  HjO  or  with  a  surface  hydroxyl  group  to  form  an  hydroxyl 

radical  which  is  a  powerful  oxidizing  agent  for  organic  pollutants. 

h*vB  +  HjO   (ads.) >        OH-  +  H'  (2) 

h*v,  +  OH'  (aur.) >  OH'  (3) 

Simultaneously,  the  molecular  oxygen  adsorbed  on  the  surface  will 
react  with  the  electron  to  form  superoxide  ion  (Oj*"J. 

e"c»  +  O2   >   Oj'  (*) 

This  process  delays  the  electron/hole  recombination  and  thus  makes 
the  degradation  of  the  organic  pollutants  more  efficient. 

The  TiOj  pnotocatalyst,  in  most  of  the  earlier  studies  on  the 
photocatalytic  mineralization  of  organic  poUutants,  was  freely 
suspended  in  aqueous  solutions  and  thus  filtration  and  resuspension 
of  the  photocatalyst  are  obvious  practical  problems.  This  prompted 
Nulite  to  build  a  prototype  photoreactor  in  which  the  TiOj 
(anatase)  is  firmly  supported  on  a  fibreglass  mesh.  This  photo- 
reactor  could  be  used  for  both  single-pass  and  multi-pass  mode 
exper Iments. 

The  earl ler  studies  on  the  TiO, -mediated  degradation  of 
organic  pol lutants  have  deal t  with  the  degradation  of  single 
organic  compounds.  It  was,  therefore,  desirable  to  test  the 
performance  of  the  Nulite  prototype  reactor  not  only  on  a  variety 
of  single  organic  compounds  but  also  on  an  equi molar  mixture  of 
Gloucester  water  components. 
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EXPERIMENTAL 

Tha  Nulit*  Prototype  Photor«actor 

The  Nulite  prototype  photoreactor  comprises  a  jacket,  a  lamp 
and  a  photocatal ytic  sleeve.  The  lamp  emits  ultraviolet  light  in 
the  300-400  nm  range  and  is  mounted  coaxially  within  the  jacket. 
Around  th«  lamp  lies  a  sleeve  formed  of  fibreglass  mesh  which  is 
coated  with  a  firmly  bonded  layer  of  titanium  dioxide  (anatase). 

The  anatase  layer  is  activated  by  ultraviolet  light. 
Contaminated  water  flows  through  the  reactor  in  parallel  with  the 
lamp.  As  the  water  passes  through  the  sleeve,  the  open  pore 
configuration  of  the  mesh  creates  trubulant  mixing.  In  concert 
with  the  large  surface  area  of  the  mesn,  this  mixing  ensures 
contact  between  the  organic  pollutant  and  the  photocatal yat. 

The  reactor  was  placed  vertically  and  connected  to  a  4000  ml 
glass  reservoir  and  a  peristaltic  pump.  The  flow  of  the  recircu- 
lated solution  through  the  system  was  controlled  by  changing  the 
electrical  input  of  the  pump  with  a  rheostat,  and  measured  with  a 
flow  meter.  All  tubing  used  m  connecting  the  apparatus  was  leach 
resistant  teflon  or  viton. 

General  Procedure 

The  Nul ite  prototype  photoreactor  was  operated  at  constant 
temperature  (27*'C>  by  placing  the  reservoir  into  a  suitable  water 
bath.  Typically,  a  standard  volume  (3000ml)  of  a  solution  of  the 
desired  contaminant  of  known  concentration  C6xlO"'M;3.5-5ppm)  was 

made  up  usi ng  HPLC  grade  water  and  good  grade  chemical s .  Thi s 
solution  except  for  a  small  aliquot  (about  Sml),  was  placed  in  the 
reservoir  and  pumped  through  the  system,  which  had  been  previously 
washed  with  HPLC  grade  water  and  drained.   As  soon  as  the  aesired 
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flow  rate  and  temperature  Mere  established  a  sample  of  the  solution 
was  taken,  usual  ly  at  the  reactor  inlet,  ano  the  UV  1  ioht  was 
turned  on.  Samples  were  then  taken  at  regular  intervals  and 
analyzed  by  GC,  while  the  solution  was  pumped  through  the  system 
at  controlled  flow  rate  and  temperature.  The  small  aliquot,  taken 
before  the  solution  was  transferred  to  the  reservoir  was  analyzed 
and  used  as  a  standard  to  calibrate  the  GC  detector's  response  to 
a  given  compound(B),  The  GC  analyses  of  all  samples  were  performed 
on  a  Hewlett  Packard  5830A  instrument,  using  a  Megabore  OB  1701 
column  {30m  long,  0.4mm  ID),  flame  ionization  detector  at  zeo'C , 

and  direct  injection  of  1-2  --^^  1  of  sample.  The  injection  port 
temperature  was  held  at  260^0  and  helium  (l.Sml/min)  was  used  as 
carrier  gas.  Oven  temperature  varied  depending  on  the  particular 
needs  of  each  compound  or  mixture,  typically  ISCC  for  phenol 

analysis.  AO-ao'C  for  most  other  organice.  For  the  analysis  of 
the  eguimolar  mixture,  the  following  temperature  program  was  used: 
1.5  mm.  initial  hold  at  20''C;  T^C/min  (5  min);  IS^C/min  (7  min); 
30°C/min  until  ZIO^C  was  attained. 


RESULTS  AND  DISCUSSION 

Degradation  of  Phenol 

Initial ly,  it  was  desi  rable  to  test  the  Nul ite  prototype 
reactor  with  a  known  TiO,  photocatalyzed  mineralization  reaction. 

The  mineralization  of  phenol  was  chosen  for  a  number  of  reasons: 
( 1  )  ear1 ler  studies  suggested  that  complete  mineral izatlon  of 
phenol  mediated  by  illuminated  TiO,  is  fairly  fast.  (2)   being  an 

aromatic  compound,  1 1  represents  one  of  the  mam  c  1  asses  of 
compounds  for  which  the  Nul He  reactor  was  designed  and  (3)  good 
solubility  in  water  and  low  volatility  allow  easier  sample 
manipulation  and  higher  accuracy  of  kinetic  measurements. 
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It  Is  important,  in  a  flow  solid-liquid  reaction,  to  determine 
the  extent  to  which  mass  transfer  may  affect  the  overall  rate  of 
mineral  izetion  In  the  Nullte  reactor  and  to  estabHeh  a  kinetic 
region  in  which  the  mass  transfer  is  sufficiently  rapid  to  have  no 
noticeable  effect  on  the  rata  of  the  overall  degradation  process. 
Thus,  the  degradation  of  phenol  ( 5  ppm)  in  aerated  aqueous 
solutions  i£  irradiation  time  was  investigated  at  different  flow 
rates.  The  results  indicated  that  the  flow  rate  has  little  effect 
on  the  overall  rate  of  phenol  degradation  Patween  0.05  and  0.25  gpm 
but  has  no  affect  between  0.25  and  0 . 5  gpm  where  the  rate  of 
degradation  seems  to  be  constant  within  the  limits  of  the  accuracy 
of  the  GC  analysis.  Therefore,  the  limit  of  the  kinetic  region  is 
found  to  Db  around  0.25  -  0.5  gpm  for  the  degradation  of  5  ppm  of 
phenol.  Since  other  organic  compounds  may.  in  Drinciple,  be 
mineralized  faster  than  phenol,  the  flow  rate  of  0.5  gpm  was  used 
for  all  subsequent  k i net i c  measurements . 

Figure  l  illustrates  the  degradation  of  phenol  (5  ppm)  in 
aerated  aqueous  solution  as  a  function  of  irradiation  time.   The 
degradation  proceeds  very  efficiently.    Plots  of  IniCo/C)  i£ 

Irradiation  time  shows  good  linearity  indicating  that  the  reaction 
approximates  first  order  kinetics  to  a  high  degree  of  degradation 
( >80») .   The  apparent  rate  constant  is  found  to  be  0 .06  7  mi n"'  . 

This  behaviour  could  be  rationalized  m  tarms  of  a  modified  forrr 
of  the  Langmui  r-Hinshelwood  (L-Hl  kmetic  treatments  which  has  Doer 
used  succeasfully  to  describe  many  solid-liquid  reactions'. 
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Figure  1.  Plot  showing  chanj)**  in  th»  conc«ntr«tion«  of  ph«nol  as 
a  function  of  irradiation  time.   Th«  insart  is  a  plot  of  ln(C,/C) 

ys  time. 
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According  Lc  the  L-H  kinetic  treatment,  a  uni molecular  surface 
reaction,  where  the  reactant  is  significantly  more  strongly 
adsorbed  than  the  product,  will  obey  an  equation  of  the  form: 

Rate  =  -  dC/dt  =  kr0:k,.[KCo/{  1+KC,+K,C.)}  (5) 

where  K,  IS  the  reaction  rate  constant,  0  ,  is  the  fraction  of  the 

surface  covered  by  the  reactant  (contaminant),  C^  is  the  initial 

ccncentration  of  the  organic  reactant  in  solution,  K  is  the 
adsorption  coefficient  of  the  reactant,  K,  is  the  adsorption 

coefficient  of  water  and  C„  is  the  concentration  of  water  (  55, 5M). 

Sim'larily,  abitnolecular  reaction  between  two  surf ace  species 
(withcut  significant  mutual  displacement)  obeys  equation  (S) 

Rate  =  K,.  0,  ©  J  16  1 

wlere  6,  ana  9;  are  the  fractions  of  the  surface  covered  by  the 
surface  reactant  species.  Equation  (6)  reduces  to  a  form  similar 
to  that  of  equation  { 5 )  where  the  concentration  of  one  of  the 
species  remains  constant.  Since  the  concentration  of  the  reactive 
species  (OH  radical)  remains  constant  (the  light  intensity  and  the 
amounts  of  TiOj  and  water  are  kept  constant),  equation  (5)  can  be 

adapted  to  explain  our  results. 

Since  the  concentration  of  water  C,  is  much  greater  than  the 
solute  Co.  and  C^  remains  essentially  constant,  the  part  of  TiOj 

surface  covered  Oy  the  solvent  (water)  is  approximately  constant 

at  all  the  reactant  concentrations  used. 
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Integration  of  equation  (5)  gives  equation  (7). 

In(Ce/C)  +  (K/1+K,C.)  (C„-C)  =  ( k^K/1 +K^C. ) t  (7) 

Obviously,  equation  (7)  is  the  sum  of  zero-order  and  first-order 
rate  equations  and  their  contribution  to  the  overall  reaction 
depends  essentially  on  the  initial  concentrations  Co.   When  C^  is 
very  low,  equation  (7)  reduces  to  equation  (8)  which  is  a  first- 
order  rate  equation. 

1n(C„/C)  =  k't  (8) 

where  k'  is  the  apparent  first-order  rata  constant.   Equation  (8) 
explains  the  results  presented  in  this  paper. 

Degradation  of  the  Gloucestor  Water  Components 

The  main  objective  of  this  study  was  not  only  to  test  the 
performance  of  the  Nulite  prototype  reactor  on  one  particular 
sample  of  contaminated  water,  but  also  to  compare  rates  of 
degradation  of  various  compounds  with  different  functional  groups 
and  possibly  relate  the  rates  of  degradation  of  each  compound  to 
its  structure. 

GO  analysis  of  the  Gloucestor  water  sample  revealed  12  mam 
organic  contaminants  (Table  1  ) .  Therefore,  it  was  considered 
important  in  this  context  to  determine  the  reactor's  potential 
preference  for  some  classes  of  compounds.  The  sample  of  Gloucestor 
landfill  water  contains  at  least  one  compound  of  each  of  the  main 
classes  that  one  considered  the  most  liKely  targets  of  an 
industrial  application  of  the  Nulita  reactor. 
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Table  1 


Organic  contaminants  in  Gloucester  ground  water  and  RO  concentrate. 


COMPOUNDS  PEED/ppm  CONCENTRATE /ppm 


Benzsn* 

1  .177 

Toluene 

0.204 

Chlorobonzene 

0.008 

1 , t-Dlchloroethylene 

0.010 

1 ,2-Dichloroethylene 

Tnchlorethy  lane 

0.417 

Diethy lether 

0.273 

Tetrahydrof uran 

1 ,l-D1chloroathane 

0.126 

1 ,2-Dichloroethane 

0.126 

1,1,  i-Trichloroo thane 

0.14& 

Chloroform 

0.338 

9.570 
1.&26 
0.02S 
0.050 

2.091 
1  .986 

0.792 
0.748 

1.117 
2.313 


For  this  reason,  it  provided  an  ideal  model  for  the  f 1 rat 
tn  al  of  the  reactor .  Al so,  the  knowledge  of  the  reactor ' b 
selectivity  towards  all  components  of  this  mixture  is  liKely  to 
become  a  valuable  tool  In  later  predictions  of  degradation  rates 
of  related  compounds.  Thus,  first  it  was  important  to  investigate 
the  individual  degradation  of  all  compounds  involved  plus  tetra- 
hydrofuran  which  was  included  at  this  stage  in  order  to  provide 
more  reference  data  on  the  degradation  of  ethers.  The  next  stage 
waa  the  treatment  of  an  equimolar  mixture  of  all  compounds  except 
tetrahydrofuran  which  interfered  with  the  GC  analysis  of  1,1.1- 
tr ichloroethane. 
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To  simplify  the  discussion,  the  Gloucestor  Mater  components 

are  divided  into  four  different  classes  of  pollutants.  They  are: 

(1)  aromatic  compounds,  (2)  chlorinated  ethylenes,  (3)  ethers  and 

(4)  chlorinated  alkanes.  The  degradation  data  of  the  components 
of  each  class  of  pollutants  are  presented  separately. 

Degradation  of  the  Aromatic  Compounds  of  the  Glouceator  Water 

The  individual  degradation  of  aerated  aqueous  solutions  of 
benzene,  toluene  and  chlorobenzene  was  investigated  using  the 
Nulite  reactor  and  found  to  be  very  efficient.  Figure  2  shows  the 
degradation  of  toluene  as  a  function  of  irradiation  time.  The 
reaction  fol lows  f i rst-order  k  inetics  as  a  straight  1  ine  was 
obtained  when  ln(Co/C)  was  plotted  i£  i rradiation  time.    The 

apparent  rate  constant  was  0,072  min'V  The  degradation  of  benzene 

and  chlorobenzene  also  follows  first-order  kinetics  with  apparent 
rate  constants  of  0.071  and  0.052  min',  respectively.   Clearly, 

the  degradation  rate  constants  of  toluene  and  benzene  are  higher 
than  that  of  chlorobenzene.  The  OM  radical  is  known  to  have  an 
electrophi 1 ic  character'"  and  thus  it  would  be.  generally,  expected 

that  aromatic  compounds  substituted  with  an  electron  donating  group 
are  more  readily  attacked  than  those  substituted  with  an  electron 
withdrawing  group  such  as  CI, 

Degradation  of  the  Chlorinated  Ethylenes  of  the  Glouceator  Hater 

The  individual  degradation  of  aerated  aqueous  solutions  of 
1 , 1-dichloroethylene,  1,2-  dichloroethy lene  and  tr ichloroethy1ene 
was  investigated  as  a  function  of  irradiation  time.  The  degrada- 
tion of  all  three  compounds  was  very  efficient.  The  data  for 
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Figur*  2.  Plot  showing  Changes  in  the  concentratlona  of  toluene 
as  a  function  of  irradiation  t1m«.  The  insert  is  e  plot  of 
1n(Co/C)  xfl  time. 
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Flflura  3.  Plot  showing  changes  in  the  concentratione  of  trichloro- 
ethylena  as  a  function  of  Irradiation  time.  The  insert  is  a  plot 
of  ln(Co/C)  ^  time. 
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trtchloroethylene  are  shown  in  Figure  3.   The  reaction  follows 
first-order   kinetics   with  an   apparent   rate  constant  of  0.0B9 
min"'.   The  rate  constants  for  degradation  of  l  , l-dichloroethylene 

and  1 ,2~dichloroethylene  are  0.083  and  0.06  mm'',  respectively. 
Deoradation  of  the  Ethers  of  the  Gloucester  water 

Although  tetrahydrofuran  was  not  present  in  the  Gloucester 
water  sample,  it  was  included  in  this  study  for  two  reasons:  (1) 
It  had  Dean  previously  found  in  other  Qloucestor  water  samples 
tat^en  from  other  sites  and  (2)  it  provides  more  reference  data  on 
degradation  of  ethers.  Thus,  the  photocatalytic  degradation  of 
tetrahydrofuran  and  diethylether  in  aerated  aqueous  solutions  was 
investigated.  The  degradation  of  both  compounds  was  efficient  and 
follows  first-order  Kinetics  with  apparent  rate  constants  of  0.048 
and  0.052  min''  for  tetrahydrofuran  and  diethylether,  respectively. 
Figure  4  demonstrates  the  degradation  of  diethylether  as  a  function 
of  irradiation  time. 

It  is  noteworthy  that  the  degradation  rates  of  tetrahydrofuran 
and  diethylether  are  comparable  with  those  of  aromatic  compounOs 
and  chlorinated  ethylenes.  Diethylether  and  tetrahydrofuran  are 
known  to  be  good  hydrogen  donating  compounds  and  thus  abstraction 
of  their  o<  -  hydrogen  atoms  by  OH  radical  is  expected  to  be  fast. 
This  would  render  the  degradation  high  efficient. 

Degradation  of  the  Chlorinated  Alkanes  of  the  Gloucester  Water 

Unlike  the  degradation  of  the  aromatic  compounds,  the 
chlorinated  ethylenes  and  the  ethers,  the  degradation  of  1,2- 
dichloroethane,  chloroform  and  1 , 1 , l-trichlorethane  under  similar 
conditions  was  considerably  slower.  However,  complete  degradation 
could  be  achieved  with  longer  irradiation  time.   The  degradation 
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Figure  4.  Plot  Bhowing  Changes  in  the  concentrationa  of  diethylet- 
her  as  a  function  of  irradiation  time.  The  insert  is  a  plot  of 
ln(C„/C)  ifi  time. 
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for  all  three  cases  follows  first-order  kinetics  and  the  data  for 
1 ,2-cllchlorBtharie  are  depicted  in  Figure  5.  The  degradation  rate 
constants  for  chloroform.  1 ,2-(Jichloroethano  and  l  ,  i , 1-trlchloroet- 
hane  were  0.01,  0.014  and  0.01  min"\  respectively.  Clearly,  the 
rates  of  degradation  of  the  chlorinated  ethylenes  are  higher  than 
those  of  the  chlorinated  alkanes.  Alkanes  are  known  to  be  less 
reactive  towards  OH  radical  attack  than  alkenes. 

Degradation  of  an  Equi molar  Mixture  of  the  Gloucestor  Water 
Components 

Having  investigated  individually  the  photocatalytic  degrada- 
tion of  the  Gloucestor  water  components,  it  was  important  to  test 
the  degradation  of  an  eguimolar  mixture  of  the  Gloucestor  water 
components  in  Nulite's  reactor.  In  this  regard,  it  should  be 
mentioned  that  moat  of  the  reports  so  far  published  on  the  TiO,- 
mediated  mineralization  of  organic  pollutantB  have  dealt  with  the 
degradation  of  single  organic  compounds.  Thus,  the  degradation  of 
an  equi molar  mixture  (2.5x10"'M;  1 . 75-2. Sppm  each)  of  benzene. 
toluene,  chlorobenzene,  diethyl  ether ,  l , l-dichloroethylene,  1,2- 
dichloroethylene,  tr ichloroethylene, i ,2-dichloro©thane, chloroform 
and  1  , 1  ,  l-trichloroethane  m  aerated  aqueous  solution  was  earned 
out  as  a  function  of  irradiation  time.  In  agreement  with  the 
individual  degradation  data,  the  results  illustrated  in  Figure  6 
clearly  show  that  benzene,  toluene,  chlorobenzene,  l  ,  l-dichloroeth- 
ylene.  1 , 2-dichloroethy lene,  tr ichloroethylene  and  to  a  lesser 
extent,  diethylether  degrade  with  comparable  rates.  Approximately 
100  min.  was  enough  to  degrade  completely  these  components.  By 
contrast,  and  in  agreement  with  the  individual  degradation  data, 
the  degradation  of  chloroform.  i  ,  2-dichloroethanB  and  1.1,1- 
trichloroethane  was  much  slower.  However,  their  degradation  became 
faster  once  the  other  components  had  been  degraded. 
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Figure  5 .  Plot  Showing  changes  m  the  concentrations  of  1,2- 
dichloroethane  as  a  function  of  irradiation  time.  The  insert  ii 
a  plot  of  1n(Co/C)  i£  time. 
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Figure  6.  Plot  showing  changes  in  the  concentrations  of  an 
sQuimoler  mixture  of  Gloucastor  water  components  as  a  function 
of  irradiation  time. 
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It  1a  noteworthy  that  the  degradation  of  all  comoounds  in  this 
equi molar  mixture  fol lowed  f i rst-order  kinetics.  Rep resent ive 
plots  of  ln(Co/C)  :ts  time  for  benzene,  1 , 2-dichloroethy lene  and 

1  , 2-dichIoroethane  are  presented  in  Figure  7  and  the  apparent  rate 
constants  for  all  the  degraded  components  are  presented  in  Table  2 
along  with  the  i ndi  v idual  degradation  rate  constants. 


Table  2 

Apparent  first-order  rate  constants  k  and  t,/2  for  the  degradation 
of  Gloucester  water  components  in  a  continuous  recirculation  mode 
at  0.5  gpm  flow  rate. 


Compound 


Individual 


Mixture 


k'x10*.min"'   t,,j,min   k*xlO*,min''   t,,2,min 


Benzene  71 

Toluene  72 

Chlorobenzene  52 

1 , 1-Dichloroethylene  83 

1 ,2-Dichloroethylene  50 

Tn  ch  loroethy  1  ene  69 

Diethylethar  52 

Tetrahydrofuran  4  8 

Chloroform  10 

1 , 2-Dichloroethan9  14 

t . 1 , 1-Trichloroethane  lO 


9.8 

9. a 

13.3 

6.4 

13.9 

10.0 
13.3 
14.4 
69.3 
49.5 
69.3 
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Figure  7.   Plot  of  ln(C„/C)  ^s  time  for  Denzone.  1  .  2-cJi  ch  1  oroethy  1  ■ 
ene  ana  i , 2-dichlQroethane  of  the  Gloucestor  water  mixture. 
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CONCLUSIONS 

1)  The  Nulite  prototype  photoreactor  degraded  with  high  efficien- 
cies all  components  of  the  Qloucestor  water  both  individually 
and  in  an  eguimolar  mixture.  Clearly,  this  is  an  advanced 
step  in  the  degradation  of  organic  pollutants  via  heterogene- 
ous photocatalysis  since  all  of  the  TiO^-medlated  degradation 
studies  so  far  published  have  dealt  only  with  the  degradation 
of  single  organic  compounds.  The  degradation  of  the  Glouces- 
ter water  components  by  the  Nulite  reactor  acquires  special 
importance  not  only  because  of  the  large  number  of  organic 
pollutants  tested  individually  or  in  an  equimolar  mixture  but 
also  because  of  the  diverse  nature  of  the  organic  compounds 
involved.  The  Gloucester  water  contains  organic  compounds 
belonging  to  different  classes  of  organic  pollutants  which  are 
of  the  greatest  environmental  concern  today. 

2)  The  Nul ite  reactor  degraded  the  aromatic  compounds,  (both 
chlorinated  and  unchlorinated) ,  the  chlorinated  ethylenes  and 
diethylether  of  the  Gloucester  water  with  high  efficiencies 
v.hile  the  rates  of  degradation  of  the  chlorinated  alkanes  were 
considerably  slower.  Since  virtually  any  treatment  of  a  real 
mixture  of  contaminants  is  in  fact  a  case  of  competitive 
degradation  where  different  compounds  (contaminants)  compete 
with  each  other  for  the  photocatalyst,  the  selectivity  of  the 
photocatalyst  in  such  cases  is  an  important  factor.  A  reactor 
capable  of  oxidizing  primarily  the  compounds  of  most  concern, 
even  in  the  presence  of  a  high  concentration  of  other 
compounds,  would  have  a  definite  advantage  over  one  that 
either  did  not  discriminate  or  treated  the  most  noxious 
substances  last,  with  minimum  efficiency,  or  not  at  all. 
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3)  Although  the  Nullte  reactor  showad  remarkable  degradation 
ef f icianciaa  towards  Gloucester  water  which  contains  four 
different  classes  of  organic  pollutants,  it  should  be  noted 
that  the  reactor  is  an  early  stage  prototype  and  work  is  in 
progresa  to  optimize  its  degradation  capacity. 
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1  Abfltract 

Expert  systems  are  likely  to  be  of  considerable  use  In  assisting 
the  cheniist  in  solving  analytical  chemistry  problems  in  the  future.   A 
major  role  for  expert  systems  will  be  in  presenting  expert  knowledge 
in  readily  accessible  fonds,  such  as,  random-access  manuals  and 
chemical  methods  advisors.   In  order  to  make  rapid  progress  towards 
encoding  chemical  knowledge,  the  analytical  chemist  must  make  use  of 
expert  system  shells.   These  software  tools  provide  a  programming 
environment  that  allow  a  chemist  to  design  and  build  complex  expert 
systems  quickly  and  easily,  without  having  to  design  the  low-level 
support  programs.   In  this  paper,  we  describe  our  progress  in 
designing  an  expert  system  that  will  control  the  analysis  of  metal 
ions  by  atomic  absorption  spectrometry.  The  system  will  also  be  able 
to  offer  advice  on  chemical  procedures  that  could  be  carried  out  in 
order  to  optimize  the  analytical  values.   The  first  two  stages  in  the 
development  of  RCexpert,  the  specification  and  prototype  stages,  will 
bo  described  in  detail. 


2  introduction 

increasingly,  complex  instrumental  analysis  equipment  is  viewed 
as  being  a  "black  box".   The  chemical  and  procedural  limitations  of  a 
specific  technique  may  not  be  well  known  to  the  operator.   In  the 
analytical  service  laboratory  this  means  that  analyses  may  be  carried 
out  incorrectly.   However,  it  is  clear,  that  as  greater  productivity 
is  demanded,  there  will  be  less  time  and  manpower  available  to  assess 
the  chemistry  that  is  actually  being  carried  out. 

Although  procedural  programniingl'2  is  routinely  employed  to 
monitor  and  control  analytical  instrumentation,  this  type  of  program 
is  inadequate  for  the  development  of  computer  programs  that  will 
incorporate  analytical  chemical  expertise  that  is  required  to  monitor 
and  assist  each  step  of  an  analysis.   The  most  significant  restriction 
is  that  conventional  programming  does  not  efficiently  support  the 
ability  to  manipulate  non-numeric,  judgemental,  or  uncertain 
Information  that  is  required  to  complete  an  analysis^.   Typically, 
analytical  procedures  combine  several  types  of  symbolic  reasoning  and 
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problem  solving,  such  as  data  interpretation,  prediction,  and 
diagnosis,  as  well  as  instrument  monitoring  and  control^.   Prior  to 
the  introduction  of  expert  system  shells,  the  development  of  expert 
system  software  required  the  commitment  of  a  programming  team  that 
included,  a  knowledge  engineer,  a  trained  programmer,  an  expensive 
computer  system,  and  an  expert  in  the  technical  area,   with  the 
availability  of  the  expert  system  shell  on  microcomputers,  the 
knowledge  engineer,  expert,  and  programmer  may  be  one  and  the  same 
person. 

The  minimum  configuration  for  an  expert  system  that  can  be  used 

as  an  advisor  in  the  analytical  chemistry  laboratory,  is  (i)  the  user 
interface,  (ii)  the  inference  structure,  and  (iii)  the  domain 
knowledge  or  expertise. 

The  determination  of  metal  concentrations  using  atomic  absorption 
spectrometry  with  robotic  sample  preparation  and  solution 
introduction,  was  selected  as  a  test  system  for  implementation  of  an 
expert  system.   He  have  devised  a  concept  of  the  automated  laboratory, 
in  which  computer  systems  like  ACexpart  will  act  as  an  advisor  and 
assistant  to  the  analytical  chemist  in  completing  the  analyses.   Our 
prototype  expert  system  advisor  for  metal  determination  by  AAS, 
ACexpert,  will  comprise  the  two  experts  ACassurance  and  ACanalyst;   in 
turn,  these  expert  systems  are  made  up  of  several  individual  expert 
systems  that  carry  out  specific  tasks. 

Applications  of  expert  systems  within  the  field  of  analytical 

chemistry^'*' ^  fall  into  two  broad  categories:   (i)  systems  that  are 
developed  to  interpret  experimental  results,  and  (ii)  systems  that 
provide  guidance  as  to  the  course  of  action  the  analyst  should  take. 
The  challenge  in  the  development  of  expert  systems  is  to  produce  a 
system  that  will  dispense  chemical  advice  at  or  near  the  level  of  a 
skilled  chemist,  while  at  the  same  time  being  capable  of  recognizing 
that  both  the  skilled  chemist  and  the  computer  expert  system  may  at 
times  make  mistakes^.   Initially  the  goal  will  be  to  incorporate  into 
the  expert  system  simple,  factual,  chemical  information.   However,  as 
chemists  become  more  sophisticated  in  developing  expert  systems,  the 
complex  rules  and  procedures,  which  are  needed  to  describe  the  dynamic 
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chemical  processes  and  systems,  will  be  modeled  successfully.   The 
development  of  an  expert  system  starts  with  a  concept  of  what  an 
"expert"  is,  how  the  expert  performs  the  scientific  tasks,  and  how  the 
scientific  "expertise"  is  acquired.   There  are  two  main 
characteristics  that  distinguish  experts  from  novices.   (i)  Experts 
are  usually  expert  only  with  respect  to  a  narrow  area  of  expertise, 
and  (ii)  they  rely  on  shortcuts  that  they  have  distilled  from  their 
previous  experience's.   Because  distilling  the  information  an  expert 
uses  to  make  a  decision  is  a  time -con summing  job,  we  believe  that. 
Initially,  the  greatest  progress  will  be  made  when  the  expert  himself 
writes  down  the  rules.   Expert  systems  shells  are  programs  that,  in 
most  cases,  provide  the  user  with  a  structure  for  the  knowledge  base, 
and  provide  a  means  of  storing  and  retrieving  the  information  in  the 
knowledge  base. 


I:!\port  System  Shell 


Kiiowlecige 

-    K\()\n  LEDGE  BASE 

1 
Acqulsltan    | 

-];; 

Interface 

^ 

INFEREMCE  ENGINE 
Infcirnce    Control 

- 

Interface 

" 

■ 

ExpUiii.iiJiiii  ,^          J      User 
System       1             J    Interface 

Figure  1.  Structure  of  an  Expert  System  Shell. 


The  inference  engine  is  the  portion  of  the  expert  system  that 
contains  the  inference  and  control  strategies  for  the  execution  o£  the 
program.   The  knowledge  base  consists  of  the  facts  and  rules  about  a 
domain  or  the  expertise  that  is  incorporated  into  the  expert  system. 
The  explanation  system  provides  a  detailed  explanation  of  the  rules 
and  procedures  that  were  used  by  the  expert  system  to  arrive  at  the 
advice.   Several  types  of  uSfiT  interface  may  also  be  built  into  the 
expert  system  to  input  and  output  data  and  responses  from  the  user, 
instruments,  or  other  computers.   It  should  be  noted  that  no  single 
inference  strategy,  type  of  knowledge  base,  etc.  will  be  appropriate 
for  all  applications,  but  rather  the  inference  strategy,  interface 
method  or  knowledge  base  structure  will  have  to  be  designed  or 
selected  to  match  the  needs  of  each  specific  application. 

A  simple  knowledge  base  will  be  installed  into  the  memory  of  the 
computer  together  with  the  simple  rules  about  the  relationships 
between  attributes  and  values.   In  a  more  sophisticated  knowledge 
base,  more  complex  rules  about  the  relationships  between  objects  and 
structures  that  are  collections  of  attributes  and  values,  and  rules 
that  would  be  used  to  examine  and  control  the  performance  the  expert 
system  while  it  is  being  consulted^,  will  be  included.   This  type  of 
knowledge  base  would  be  stored  on  disk  and  would  be  accessed  in  a  much 
slower  fashion. 

A  good  match  between  the  system  and  the  user  Is  vital^.   It  is 
the  task  of  the  user  interface  to  handle  all  communication  between  the 
user  and  the  expert  system.   The  way  that  information  is  presented  to 
the  user  should  conform  to  the  user's  model  and  expectations  of  the 
taskl2.   In  selecting  or  developing  a  user  interface  two  features  are 
important^:   (i)  The  form  in  which  information  is  elicited  and 
explanations  given,  needs  to  be  tailored  to  the  intended  user  --  be 
they  novice  or  super-expert.   (ii)  An  efficient  mode  of  system-user 
interaction  must  be  selected  that  is  appropriate  to  the  user's  level 
of  skill  and  understanding. 
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special  interfaces,  such  as  to  instruments  or  to  conmunication 
devices,  nay  also  be  needed  to  present  inforroation  to  the  expert 
syBtem  or  respond  to  the  advice  of  the  expert  system.   In  a  very 
sophisticated  system,  instrumental  interfaces  may  also  be  used  to 
control  an  experiment  in  order  to  provide  information  that  will  be 
incorporated  into  the  knowledge  base,  such  as  the  limiting  values  of  <i 
rule. 

3  Background  to  ACsxptrt 

Determination  of  metal  ions  using  AAS  requires  the  completion  of 
several  tasks,  each  of  which  requires  extensive  knowledge  and 
expertise.   Although  a   series  of  decisions  must  be  made  in  order  to 
carry  out  analyses  successfully,  the  procedures  and  the  methodologies 
of  the  analytical  expertise  are  well  understood.   For  this  problem  the 
three  most  important  criteria  for  the  successful  development  of  an 
expert  system  are  fulfilled:   (i)  this  is  a  significant  problem  for 
which  there  is  a  demand  for  a  solution,  (ii)  acceptable  expert  system 
development  tools  are  available,  and  (iii)  the  expertise  which  will  be 
used  to  create  the  expert  system  is  readily  available  from  a  variety 
of  sources. 
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Figure  2.   The  Flow  of  Information  and  a  Sample  through  the 
Laboratory:   Manual  Analysis. 


ACexpert  models  the  organization  presented  in  Figure  2.   The 
MANAGER  and  ANALYST  make  all  the  decisions  and  perform  all  the  tasks 
that  are  involved  in  completing  an  analysis,  as  outlined  in  Figure  3 
below.   Typically,  the  HANAGER  consults  with  both  the  CUSTOMER  and  the 
REGULATORY  AGENCY  to  determine  the  method  that  is  to  be  used.   The 
quality  control  and  quality  assurance  programs  and  the  report  writing, 
although  assisted  by  computers,  are  carried  out  manually  as  separate 
tasks  by  the  MANAGER  and  the  ANALYST.   Once  the  method  has  been 
defined,  the  sample  preparation  is  completed  by  the  ANALYST. 
Following  sample  preparation,  a  portion  of  the  analysis  sample,  which 
contains  the  analyte,  will  usually  be  placed  in  an  autosampler  for 
automated  introduction  into  the  instrument  that  measures  the  light 
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absorbance  and  determines  the  concentration  of  metal  by  empirical 
comparison  to  a  calibration  curve  for  that  analyte.   For  the  AAS 
technique,  the  ANALYST  checks  the  precision  of  the  replicate  readings, 
and  using  controls,  checks  the  accuracy  of  the  instrument  over  both 
the  short  and  long  term.   Matrix  effects,  physical  interferences,  and 
spectral  interferences  are  among  the  ANALYST'S  expert  knowledge  which 
is  used  in  combination  with  checks  of  the  standard  methods  in  the 
quality  assurance  program  that  is  used  to  certify  that  the  result  is 
reliable. 

The  tasks  of  the  analyst  and  the  manager  of  the  laboratory,  as 
outlined  in  Figure  2,  will  be  redefined  with  the  incorporation  expert 
systems  into  the  laboratory  procedures.   The  tasks,  which  are 
performed  by  the  expert  system,  typically  will  be  rudimentary  and 
repetitive.   Nonetheless,  these  tasks  require  the  judgement  and 
expertise  of  an  analytical  chemist  or  a  skilled  technician.   The  array 
of  expert  systems  will  be  incorporated  into  the  normal  functions  of  a 
fully  automated  laboratory  information  management  systems.   This 
software  is  intended  to  perform  the  following  tasks. 

(i)    To  reduce  data  transcription  errors  by  having  a 

single-point  of  entry  for  all  data,  and  eliminate  the 
manual  entry  process  of  analytical  results. 

(ii)   To  reduce  information  processing  turnaround  by 
automating  tedious  tasks  that  are  better  done  by 
computers,  such  as  reviewing  calculations  and  data 
transcriptions,  which  in  turn,  will  make  information 
available  faster  outside  the  laboratory. 

(iii)  To  optimize  personnel  resources  by  shifting  the  most 
talented  staff  from  easily  automated  tasks,  such  as  data 
review,  to  solving  problems  that  require  the  expertise 
of  the  expert. 
ACfixpert  Is  described  as  a  set  of  expert  systems  shown  in  Figure 
3.   Each  expert  system  will  perform  a  separate  task  and  each  will  be 
capable  of  acting  independently  or  as  a  module  of  the  full  system. 
ACexpert  is  made  up  of  a  hierarchy  of  expert  systems.  First, 
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ICssauranca  and  ncanalyst,  which  in  turn  are  subdivided  into 
lindividual  expert  systems  that  perform  specific  tasks.   As  in  Fiqure  2 
the  flow  of  information  and  the  sample  through  the  analytical 
laboratory,  begin  with  the  receipt  of  the  sample  from  the  customer  by 
'the  manager  and  is  followed  by  the  completion  of  the  each  of  the 
required  tasks.  Each  expert  system  is  listed  in  bold  typeface  and  is 
named  beginning  with  the  letters  "AC". 

In  this  scheme,  the  ANALYST'S  role  fundamentally  changes  from  one 
of  a  technician  to  that  of  a  supervisor  of  the  expert  system, 
RCanalyat.   However,  the  MANAGER'S  role  remains  the  same,  although  he 
or  she  now  has  the  asBiatance  of  both  the  ANALYST  and  Acaxpert  in 
order  to  monitor  the  completion  of  analyses. 

ACassuranoe  is  the  quality  assurance  expert  system  that  will  be 
used  by  the  MANAGER  and  the  ANALYST  to  assist  in  the  execution  of  a 
Laboratory  quality  assurance  program.   Incorporated  in  this  expert 
system  are  modules  that  will  be  used  to  provide  instruction  and  advice 
to  the  laboratory  personnel  in  carrying  out  their  tasks  and  completing 
the  analysis  procedures  thoroughly.   ACanalyst,  the  quality  control 
and  process  control  expert  system,  will  comprise  five  separate  expert 
systems  that  will  be  used  in  methods  selection,  process  control, 
analysis,  fault  diagnosis,  and  quality  control.   The  functions  of  the 
individual  expert  systems  are  outlined  below. 
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Figure  l:   RCexpart  is  a  chemical  analysis  expert  system. 

In  the  revised  model  of  the  flow  of  information  and  the  sample  in 
the  laboratory,  ACexpert  provides  an  environment  within  which  the 
MANAGER,  ANALYST,  and  analytical  Instruments  interact  to  complete  the 
analysis.   In  the  way  that  we  have  specified  the  AC8Xp«rt  system,  the 
CUSTOMER  and  MANAGER  will  begin  using  the  RCa«aurance  expert  system  to 
assist  them  in  selecting  the  appropriate  methods  and  analysis  criteria 
that  are  consistent  with  the  requirements  of  the  REGULATORY  AGENCY  and 
the  capabilities  of  the  laboratory.   The  analysis  criteria  and  the 
recommended  methods  would  then  be  available  to  ACanalyst,  for  using 
the  selection  of  specific  chemical  and  instrumental  procedures  and 
"standard  methods"  that  are  to  be  used  by  ACcontrol  to  complete  the 
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metal  determination  of  each  sample.   In  nornal  operation,  the  ANALYST 
would  manually  confirm  the  method  selected  by  ACaethoda  and  monitor 
the  performance  of  the  analyses.   AH  other  aspects  of  the  analysis 
would  be  carried  out  automatically,  although  still  under  the  direct 
supervision  of  the  ANALYST. 

We  have  concentrated  on  defining  and  protyping  two  parts  of  the 
ACexpert  system:   ACmethoda  and  ACcontrol.   The  specifications  for 
ACmathoda,  as  a  random  access  analytical  procedure  manual,  are 
presented  below,   similar  specifications  would  need  to  be  developed 
for  each  of  the  expert  systems  that  make  up  ACexpert. 

Table  l:   Acmethods  specifications  and  requirements. 


7. 


rule  based  expert  system 


explanations  for  finding  procedures 


ability  to  use  ambiguous  information 


multiple  answers 


conditions  to  be  satisfied,  {analyte,  regulatory  body, 
analytical  technique,  sample  type,  etc.) 


inference  technique 


hardware  specifications 


integration  with  other  expert  systems 


We  have  used  two  shells  in  our  work,  namely,  KDS3  and  CxPERT.   At 
a  minimum,  a  shell  must  have  a  knowledge  representation  scheme,  an 
inference  or  search  mechanism,  a  means  of  describing  the  problem,  and 
a  way  to  determine  the  status  of  a  problem  while  it  is  being  solved^^. 
Of  the  many  types  of  expert  systemsl-*,  several  are  required  to 
complete  the  structure  of  ACexpert:   consultation  {ACraethoda) , 
diagnosis  (ACdiagnosia) ,  monitoring  and  control  (ACcontrol), 

interpretation  (ACanalysis,  ACtrands) ,  planning  (ACselect) ,  and 

instruction  (ACteach) . 
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Consultative  or  diagnosis  experts,  may  be  used  for  methods 
selection  or  fault  finding  (XCmethods,  ACdiagnosls) ,  and  typically  are 
built  with  rule-based  shells  that  require  consistent  relationships 
between  causes  and  symptoms,  or  conditions  and  conclusions,  as  well  as 
the  ability  to  identify  these  relationships.   The  decision  making  is 
nsde  more  difficult,  if  symptoms  are  masked  by  other  symptoms,  the 
symptoms  are  intermittent,  the  data  is  inaccessible,  or  if  there  is 
uncertainty  and  lack  of  knowledge  about  the  relationships  between  the 
causes  and  symptoms'' . 

Interpretation  type  of  expert  systems  (ACanalysis,  ACtrends) 
define  a  situation  by  analyzing  acquired  sensor  data  or  data  in  a 
database  in  order  to  determine  its  meaning"'.   This  type  of  expert 
system  requires  that  a  known  and  consistent  interpretation  be  obtained 
from  a  given  set  of  data.   In  most  cases  the  system  must  be  rigorously 
complete  in  that  a  solution  is  only  provided,  if  the  system  is 
absolutely  sure  of  the  interpretation.   The  primary  difficulties  are 
incoBplete  data,  long  reasoning  chains,  unreliable  data,  and  reasoning 
with  contradictory  data. 

In  the  monitoring  and  control  type  of  expert  system  (ACoontrol, 
RCreport,  AC-QC,  AC-QA) ,  observations  are  compared  to  expected  or 
desired  results'*.   The  performance  of  a  physical  system  is  analyzed, 
then  the  expert  system  takes  the  appropriate  action  in  order  to 
produce  a  desired  level  of  performance.   For  real-time  monitoring  and 
control  of  critical  instrumental  functions  fast  information  input  and 
decision  making  ability  are  the  primary  requirements.   An  inherent 
advantage  of  a  monitoring  and  control  expert  system  is  that  it  does 
not  know  whether  it  is  talking  to  a  real  process  or  a  simulated  one. 
By  attaching  the  expert  system  to  a  high  fidelity  simulation  model,  a 
wide  variety  of  anomalies  can  be  Introducedis.   The  expert  system  can 
be  readily  improved  or  adapted  for  instructional  purposes. 

(  ACmethods 

The  ACmethods  prototype  is  based  on  the  Environment  Canada 
KAQUADAT  dictionary  of  Parameter  Codes  (1986)  for  the  selection  of  the 
metal  determination  method  for  an  Aluminum  analyte  in  aqueous  samples. 
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The  prototype  advice  is  presented  to  the  user  as  simple  text.   For 
this  demonstration  prototype  strict  adherence  to  the  content  of  the 
HAQUADAT  manuals  was  observed.   However,  as  the  expert  system  evolves, 
the  analytical  chemist  will  be  required  to  tailor  the  ACmathoda  manual 
to  the  needs  of  the  local  laboratory,  as  well  as  the  other  expert 
systems.   Furthermore,  as  the  system  evolves  and  is  integrated  into 
ACaxpsrt,  the  textual  presentation  of  recommendation  and  detailed 
advice  would  be  inappropriate  for  the  completed  system  that  will 
require  an  automated  system  of  information  transferal  and  validation. 

The  first  prototype  of  ACmethods  uses  a  small  set  of  attributes 
or  conditions  (analyte,  regulatory  body,  analytical  technique,  sample 
type,  sample  preparation  method,  or  detection  limit)  to  resolve  the 
NAQUADAT  methods.   As  the  Acmethoda  expert  system  grows  in  complexity 
this  set  of  attributes  will  need  to  be  expanded. 

S  Implementation  of  ACmethods  with  an  inductive  Expert  Bystem  Shell 

The  first  prototype  of  ACmethods  was  implemented  with  the  KDS3 
development  system  which  is  an  inductive  expert  system  shell.   This 
shell,  like  many  other  inductive  shells,  generates  rules  from 
examples.   The  developer  enters  a  large  number  of  examples  for  the 
machine's  information  base  into  the  development  system.   The 
development  system  then  uses  an  algorithm  to  convert  the  examples  into 
a  rule  or  number  of  rules  and  to  determine  the  order  that  the  system 
will  follow  when  questioning  the  user  and  making  a  recommendation^. 
Unlike  other  production,  rule-based  systems,  KDS  does  not  deal  with 
attributes  or  values,  but  only  conditions,  which  are  input  into  KDS  as 
text  strings  that  are  either  true,  false,  or  known  with  some  degree  of 
certaintyl^.   to  KDS,  every  entry  is  simply  a  string  of  text  that  has 
some  factors  associated  with  it  and  a  certain  place  in  the  logical 
hierarchy,  as  seen  in  Table  3. 

The  KDS  environment  for  expert  system  development,  provides  the 
developer  with  substantially  the  same  interface  and  performance 
characteristics  as  the  end  product  that  the  user  will  encounter. 
Therefore,  testing  is  an  on-going  process.   The  system  developer  or 
user  answers  VES,  NO,  or  ?  (don't  know  or  don't  care)  to  conditions. 
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which  have  already  assigned  in  the  program,  according  a  specific  case 
history  that  is  being  considered.   If  no  conclusion  can  be  found  with 
the  specified  answers  to  the  conditions  or  an  ambiguity  arises  because 
of  an  answer  during  the  system  development  process,  then  the  developer 
is  requested  to  supply  the  answer. 

Table  2:  The  KDS-based  ftCmethods  questions  and  responses 
that  are  required  for  KDS  RCmathoda  to  select  Environment 
Canada  NAQUADAT  method  13050. 


# 

KDS-based  ACraethods  Questions 

Answer 

1. 

Analysis  of  dissolved  metal  in  an  aqueous  sample? 

Ko 

2. 

Analysis  of  mineral  acid  extractable  metals? 

No 

3. 

Use  the  flame  AAS  technique? 

Yes 

4. 

Analysis  of  metal  in  suspended  material  of  sample? 

No 

5. 

Analysis  of  metal  in  sediments? 

Yes 

6. 

Metal  extracted  with  solvent  to  eliminate 
interferences? 

No 

7. 

Required  by  the  Water  Quality  Branch  of  Environment 
Canada  in  Ottawa? 

Yes 

An  example  of  the  use  of  an  analytical  methods  selection  expert 
which  was  developed  with  the  KDS3  system  is  shown  in  Table  2.   To  use 
ACmathoda,  the  user  selects  a  set  of  attributes  and  values  or 
conditions  which  best  describe  the  characteristics  of  the  sample  and 
analytical  method.   In  this  example,  the  user  is  attempting  to  select 
a  method  for  the  determination  of  total  concentration  of  aluminum  in  a 
sediment  sample,  according  to  the  requirements  of  the  Water  Quality 
Branch  of  Environment  Canada  in  Ottawa.   From  the  main  menu,  aluminum, 
Al,  is  selected  as  the  analyte  of  interest.   The  use  of  a  menu  to 
present  conditions,  is  useful  when  mutually  exclusive  options  are  to 
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be  selected.   The  KDS  shell  then  prompts  the  user  with  a  series  o£ 
questions  that  can  be  answered  with  Y{yes),  N(no),  or  ?(don't  know  or 
don't  care) . 

The  standard  screen  interface,  which  is  presented  to  the  user, 
appears  as  in  Figure  4.   A  series  of  these  screens,  which  contain 
conditions  that  the  developer  considered  to  be  important  in  order  to 
select  an  analytical  method,  are  presented  to  the  user  for  validation 
of  the  conditions.   In  the  right  hand  panel,  a  further  description  of 
the  condition,  or  added  information  is  presented  to  the  user.   The 
final  screen  of  the  KDS-based  ACaethoda  prototype  is  presented  in 
Figure  4, 


209 


TIHt:    Actinium  to  Carbon 


THIS  IS  MY  BEST  AKSWEB. 


13053     Al,  Flame  AAS,  total 
sod.,  requlied  by  A-WQB-O. 


Sampit  type:    total  sediments 

Sample  prop.:    Open  digestion 
with  HN03.  and  HF. 

Analysis:    Flame  atomic 
absorption  by  direct  aspiration, 
measured  speclrcphotemetncatly 
at  309-3  nm  and  compared  with 
Identically  prepared  standards. 
An  acetylene-nitroua  oxide 
reducing  riame  is  used. 

Detection  limit;    1  mg/Kg 

Required  by;    WQS  Ottawa. 

•■"  Approved  WQB  MelMod  ■••• 


Figure  4:   An  analytical  method  selected  from  ACmethodi 
implemented  KDS.   The  title  refers  the  title  of  the  expert 

system  module.   The  answer,  in  this  case  method  13053,  Is 
restricted  in  length  to  the  two  lines  that  are  seen  above. 
An  expanded  description  that  accompanies  the  answer  is 
presented  in  tha  right  hand  panel. 

If  question  7  in  Table  2  was  answered  ambiguously  with  a  ?  (don't 
know  or  don't  care),  then  two  answers  or  methods  would  be  presented 
and  the  system  would  warn  tha  user  that  insufficient  information  was 
provided  to  resolve  the  differences,  as  seen  in  Figure  5.   Since  only 
one  method,  either  method  13050  or  13053,  can  be  used  at  any  one  time, 
this  ambiguity  would  have  to  be  resolved  before  the  other  expert 
systems  which  are  part  of  Acexpert  or  the  human  technician  could 
complete  the  Aluminum  determination. 
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Tllle:    ActiTilum  to  CBrben 


PoBsible  (onclusion(s): 

1  I3O50  Al,  Flame  AAS.  lolal 
scd.,  tequired  by  A-WQB. 

2  130S3  Al.  Titwf  AAS,  iDial 
sad..  iBHuirrd  b/  A-WQB-0. 

I  have  Bten  unabl*  la  tisoIv* 
1  condillor(s)  tilhrt  dirtctly 
fiom  ihe  unswtiE  m  ihiough 
tnlerenct.    As  a  lesuli 
please  regard  tti<  abvvc  as 
coniectuie.  not  advice. 


You  may  pitut  ib«  BACKSPACE  Key 
iC  you  wish  to  no  bach  and  ztt 
unresolved  csudnions  which  you 
pteviousiy  answered  with  a  ''■. 


Condition*  to  whith  you  alceady 
gave  a  Y  gt  N  answer  will  not  be 
asked  again  except  the  last  one. 


Figure  5:   An  ambiguous  response  from  ACmathods,  which  was 

implemented  using  KDS,  will  result  in  two  methods  13050  and 
13053  being  selected.   In  this  instance  the  shell  provides 
routines  that  acknowledge  that  two  or  more  conclusions  could 
be  reached  with  the  given  set  of  conditions.   In  the  right 
hand  panel  of  the  screen  the  expert  system  provides 
instructions  on  how  to  resolve  the  ambiguity. 

in  this  example,  the  expert  system  presents  the  user  with  both 
menus  and  individual  questions  during  the  course  of  the  session  in 
order  to  select  the  appropriate  method.   In  a  more  complex  expert 
system  the  KDS  standard  interface  could  have  been  replaced  with  a 
customized  user  interface  or  an  instrument  interface,  if  real-time 
data  input  and  analysis  were  desired. 

6  implementation  of  ACmathods  with  a  Rule-based  Expert  Byatem  Shell 

When  the  performance  of  the  expert  system  is  important,  such  as 
in  real-time  instrument  control  or  in  a  customized  user  interface,  a 
very  low-level  procedural  programming  language,  such  as  c,  may  have  to 
be  used.   However,  a  significant  drawback  to  the  use  of  the  language  C 
is  that  considerable  programming  is  required  to  build  the  very 
high-level  constructs  that  are  needed  for  expert  system  developmentl^. 
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For  these  situations,  expert  system  shells  provide  ^echanions  for 
directly  Unking  C  routines  into  the  system.   Alternatively,  the 
developer  can  use  a  specialized  shell  that  has  been  designed 
specifically  to  allow  the  developii.ent  of  the  expert  system  using  C 
language.   Typically,  these  shells  generate  c  code  as  output.   This  c 
code  along  with  code,  which  has  been  written  by  the  developer,  can  be 
combined  and  compiled  into  a  working  expert  system. 

Two  examples  of  prototypes  of  ACmetnoas,  which  were  generated 
«ith  the  CXPERT  Shell,  are  presented  below.   The  most  significant 
differences  between  the.  is  that  the  first  uses  the  traditional 
depth-first,  backward-chaining  logical  structure  to  search  the 
>cnowledge  base  for  a  solution,  whereas  the  second  uses  a 
breadth-first,  forward-chaining  search  methodology  to  search  for  a 
solution.   Assuming  that  the  programmer  is  familiar  with  programming 
in  C   it  is  a  rather  straightforward  process  to  learn  the  CxPERT 
language,  add  the  appropriate  customised  c  routines,  and  then  compile 
and  link  the  routines  to  form  a  fast  working  expert  system. 

The  backward-chaining,  depth-first  ACmethods,  which  was  developed 
with  CXPERT,  like  the  KDS-based  ACmethods  expert  system,  has  been 
implemented  using  the  Environment  Canada  HAQUADAT  dictionary  of 
Parameter  Codes  (1986)  for  the  selection  of  the  metal  determination 
method  for  an  aluminum  analyte  in  aqueous  samples.   However,  CxPERT 
requires  the  developer  to  directly  construct  the  rules  of  the  expert 
system.   Procedure  13053,  from  the  NAQUADAT  dictionary  is  shown  in 
Figure  6.   The  CxPERT  key  words  are  highlighted  in  bold.   The 
procedure  presents  the  rule  that  must  be  tested  to  validate  the 
selection  of  the  hypothesis  in  two  different  ways.   The  first,  which 
is  delimited  by  the  keywords  tule/endrula,  presents  the  English 
interpretation  of  the  rule,  and  the  second,  which  is  delimited  by  the 
keywords  if/th.n/endif ,  presents  the  CxPERT  rule  that  must  be 
validated. 

Each  of  the  clauses  in  the  if/then/endif  rule  will  be  tested  in 
succession  until  either  a  contradiction  is  found  or  all  of  the  clauses 
are  validated.   Each  rule  in  the  knowledge  base  of  the  analytical 
procedures  was  constructed  to  have  attributes  in  the  order  of: 
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analyte,  sample  type,  technique  type,  and  then  regulatory  agency, 
sample  preparation  technique,  or  detection  limit,  if  the  values  of 
these  attributes  will  help  to  uniquely  resolve  each  procedure.   The 
attributes,  which  will  be  used  to  test  each  rule,  are  designated  with 
the  suffix  "__test".   Once  a  search  has  been  initiated,  the  compiled 
expert  systen  knows  which  the  attributes  are  unassigned,  and  will 
successively  query  the  user  until  all  the  attributes  of  the  rule  are 
assigned.   If,  during  the  course  of  this  query  of  attributes,  a  false 
response  is  received,  then  the  expert  system  proceeds  to  subsequent 
procedures,  and  tests  the  attributes  of  the  subsequent  rules  with  the 
assigned  values,  until  all  the  unassigned  attributes  are  satisfied  or 
no  procedure  in  the  knowledge  base  is  found  that  satisfy  the  assigned 
attributes. 

In  the  example  below,  Table  3,  the  backward-chaining, 
depth-first,  CxPEBT-based  ACnathods  will  query  the  user  Cor  the 
analyte  of  interest,  Al,  in  this  case.   Answering  the  question 
according  to  Table  3  will  result  in  the  advice  that  the  NAQUADAT 
procedure  13053  should  be  used.   Host  questions  are  answered  with 
reference  to  a  menu  of  selections. 

RCmethods,  then  proceeds  by  testing  the  first  procedure  of  the 
system;   the  procedure  for  NAQUADAT  method  13001.   The  first  condition 
of  the  rule  of  procedure  13001  (Is  the  element  Aluminum?)  is  true. 
However,  this  procedure  fails  on  the  second  condition  (Is  the  sample 
type  "Total"?),  because  the  sample  type  of  this  example  is 
"sediments".    The  expert  system  searches  its  knowledge  base  until  a 
procedure  is  found  for  which  the  sample  type  "sediments"  is  selected. 
In  this  case  control  of  the  program  then  passes  to  the  procedure  for 
method  13050,  as  the  first  procedure  for  which  the  sample  type 
"sediments"  is  true.   The  third  condition  of  technique  type  is 
answered  as  "Flame  AAS"  which  is  also  true  for  procedure  X3050.   The 
fourth  condition,  which  is  the  selection  of  a  detection  limit,  in 
procedure  13050,  fails  when  the  answer  1000  micro-grams  per  Litre  is 
compare  to  500  in  the  knowledge  base.   Control  is  then  passed  to 
procedure  13053,  which  shown  in  Figure  6,  for  which  this  answer  gives 
a  true  response.   The  subsequent  questions,  which  are  generated  by  the 
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rule  of  procedure  13053,  are  answered  and  validated.   As  a  result, 
this  CXPEBT  expert  system  suggests  that  NAQUADAT  procedure  13053  would 
fulfil  the  conditions  specified. 

once  a  procedure  has  been  resolved,  the  advice  is  displayed,  and 
the  user  is  asked  if  the  search  of  the  knowledge  base  should  be 
continued  to  look  for  other  procedures  that  may  also  conform  to  the 
conditions  that  nave  been  epooifled.   A  comprehonsive  list  of 
procedures  that  satisfy  the  specified  attributes  can  only  be  achieved 
by  instructing  the  expert  system  to  continue  its  search  through  the 
knowledge  base,  in  affect  requesting  a  breadth-first  search. 


Table  3:  The  CxPERT-based  ACmetbods  questions  and  responses 
that  are  required  for  CxPERT  ACmathoda  to  select  Environment 
Canada  NAQUADAT  method  13050. 


1. 


2. 


3. 


4. 


CxPERT-based  ACmethods  Questions 


What  element  do  you  wish  to 
analyse  for  ? 


Sample  type  ? 


Technique  type  ? 


What  is  the  detection  limit  (in 
micro-grams)  ? 


Regulatory  agency 


Water  Quality  Branch  Section  ? 


Answer 


Al 


sediments 


Flame  AAS 


1000 


Procedure 


Environment 
Canada,  WQB 


Ottawa 


13001 


13001 


13050 


13053 


13053 


13053 
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begin 

rul« 

"If  you  want  determine  the  concentration  of  Aluminum,  Al  in  a 

sediment  sample  and  you  will  use  a  Flame  AAS  technique  and 

according  to  WQB  Ottawa  and  with  a  detection  limit  of  1000 

ug/kg. 

Then  use  the  NAQUADAT  method  13053  as  outlined  below. 

endrule 

IF  equal (eleraenttest,  "Al") 

and  equal ( sample  type_test,  "Sediments") 
and  equal (analysis_technique_test,  "Flame  AAS") 
and  equal{regulatory_agency_test,  "WQB  Ottawa"} 
and  detection_liinlt_^test  eq  lOOO 

then 

advise 

NAQUADAT  Method:   13053 

Element  or  compound:   Al,  Aluminum 

Sample  Type:   total  sediments 

Sample  Preparation:   Open  digestion  with  HN03,  HC104,  and 

HF. 

Analysis:   Flame  atomic  absorption  by  direct  aspiration, 

measured  spectrophotometrically  at  309.3  nm  and  compared  with 

identically  prepared  standards.  An  acetylene-nitrous  oxide 

reducing  flame  is  used. 

Detection  Limit:   l  mg/kg  in  sediment 
Results  In:   mg/kg 
Required  By:   KQB  Ottawa 

**•  Approved  WQB  Method  •** 
endadvise 

put ("yes"  into  found) 
reset (more) 
endif 
endprocedura.  


Figure  6:    The  backward-chaining,  depth-first,  ACmethods 
CXPERT  rule  which  defines  the  procedure  for  the  NAQUADAT 
method  13053.   The  information  delimited  by  rule  and  endrule 
can,  at  the  user's  request,  be  presented  on  the  screen.   The 
actual  CxPERT  rule,  which  will  be  tested,  is  delimited  by  IF 
and  then  and  can  also  be  displayed  by  the  user  for  an 
explanation  of  the  state  of  the  expert  system.   Finally,  the 
advice,  which  will  be  dispensed  when  each  condition  of  the 
rule  is  validated,  is  delimited  by  advise  and  endadvise. 
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7  RCcontrol!   Th«  monitoring  and  control  expert 

RCcontrol  is  a  system  that  must  function  in  real-time  using 
procedures  for  instrunental  control  that  are  described  in  the  next 
section.   This  expert  system  must  be  structured  so  that  it  has  access 
to  the  appropriate  information  at  the  riqht  time  from  the  sensors  of 
the  instrument,  and  structured  so  that  decisions  are  made  quickly. 
Specieically,  the  decision-making  and  supporting  calculations  must 
occur  within  the  cycle  time  for  the  sampling.   Combining  the 
monitoring,  control,  and  interpretation  tasks  of  the  expert  systems 
requires  that  individual  tasks  be  performed  at  the  same  time,  either 
on  separate  computers,  which  can  communicate  with  each  other,  or 
within  a  multi-tasking  environment  on  a  single  computer.   In  either 
case,  a  great  deal  of  importance  is  put  on  computational  and  reasoning 
efficiency.   Generally,  the  system  must  have  complete  information  to 
allow  the  interpretation  expert  to  return  a  definite  answer  to  the 
controlling  expert.   The  occurrence  of  incomplete  information,  long 
reasoning  chains,  unreliable  data,  and  contradictory  input  information 
are  difficult  for  this  type  of  fault  finding  expert  and  send  an  alarm 
to  the  operator. 

B  Instrument  Control 

Before  the  monitoring  and  control  expert  can  be  implemented,  a 
traditional  procedure  base  user  interface,  a  data  base  manager,  and 
instrument  controlling  programs  must  be  produced.   The  hardware  of  the 
TiCexpert  system  consists  of  a  Gilson  222  autosampler  and  a  401 
dilutor,  and  a  Varian  875  AAS  that  are  all  controlled  by  an 
AT-compatible  microcomputer.   The  autosampler  and  dilutor  act  in 
concert  to  provide  solution  preparation  and  sample  injection  into  the 
AA  spectrometer.   The  user  interface  makes  extensive  use  of  graphical 
displays  to  control  the  instrument  setup,  sample  setup,  and  metal 
determination  procedures  in  an  interactive  environment  based  on  MS 
Windows  (Microsoft  Corporation) .   This  graphical  user  interface  is 
similar  to  the  type  depicted  as   a  "Human  Processor  Interface  for 
ICP-AES"  by  Karanaasios  and  Horlick^''  or  as  presented  for,  the 
automation  of  a  chromatography  workstation^^. 
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9  User  and  Instrumant  Interface  Development 

The  user  and  instrument  interface  programs  have  been  created  as  a 
set  of  applications  under  MS  Windows  that  can  be  run  at  the  same  time 
within  the  MS  Windows  multitasking  environment.   Each  MS  windows 
application  has  access  to  all  the  features  of  MS  Windows  such  as 
pull-down  menus,  and  mouse  driven  windows  and  icons.   Figure  7  shows 
the  subsidiary  tasks  that  ACcontrol  operates.   Because  menus  are  used, 
any  number  of  these  functions  may  be  active  at  any  time.   All  of  these 
features  are  necessary  to  provide  a  simple  to  use,  robust  system  for 
instrumental  control.   It  Is  worth  mentioning  here  that  Windows  is  in 
fact  not  a  true  multitasking  system.   In  other  words,  there  is  no 
scheduling  program  that  ensures  a  particular  application  won't  use  all 
of  the  CPU  time.   Rather,  it  is  up  to  the  application  to  yield  control 
to  the  other  applications  periodically. 
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Figure  7.   Tasks  under  control  of  RCcontrol. 
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Instrument  control,  sample  preparation,  and  sample  injection  Into 
tha  AAS  are  performed  by  two  MS  Windows  applications.   The  first, 
called  AAS,  is  responsible  for  providing  a  computer  interface  to  the 
Varian  875  AAS.   This  application  provides  the  user  with  a  "Control 
Panel"  (see  Figure  8)  that  will  allow  complete  control  of  the  AAS 
operating  parameters.   Using  a  mouse,  the  user  simply  clicks  the 
appropriate  control  button  on  the  screen  and  the  application  (through 
a  RS-232  hookup)  sends  the  AAS  the  command.   The  user  is  able  to  save 
the  instrument  setup  in  a  disk  file  which  may  be  retrieved  for  future 
use  or  printed  on  a  printer. 


:.LJs'f:M^:Ji^.-/>l- 


Figure  8.   ACoontroli  simulation  of  the  control  panel  of  the 
Varian  AA  spectrometer. 
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The  second  application,  called  Sanipler,  is  the  heart  of  the 
instrumental  control  application.   This  application  sets  up  three 
window  procedures  to  handle  (i)  control  of  the  Model  223  Autosampler 
and  the  Model  401  dilutor  as  slave  devices,  (ii)  the  sequencing  of  the 
samples  to  be  analysed  within  a  batch,  and  (iii)  the  data  values 
received  from  the  AAS  following  every  measurement.   Control  of  the 
Gilson  devices  is  carried  out  as  follows.   Each  device  is  assigned  a 
unit  number  on  the  GSIOC,  (similar  to  the  IEEE  specifications)  and  the 
computer  acts  as  the  master  device.   Each  device  is  programmed  in  it's 
primitive  mode.   This  mode  allows  ail  of  ^*^^   features  of  the  device  to 
be  used.   Sample  placement  Is  performed  by  providing  the  user  with  a 
picture  of  the  rack  they  will  use  from  template  designs  stored  for  a 
number  of  racks  and  beakers,  the  user  identifies  the  appropriate  rack, 
which  is  then  drawn  on  the  screen.   By  using  the  mouse  the  user 
designates  which  tubes  contains  the  standards,  samples,  blanks,  or 
controls.   Also,  containers  for  larger  amounts  of  blank  or  reslope 
solution  may  be  put  on  the  sampler  tray,  these  too  are  displayed  on 
the  computer  screen  in  the  way  they  appear  on  the  sampler  tray  (see 
Figure  9) .   The  data-feedback-window  procedure  reads  the  data  that 
appears  on  the  RS-232  line  from  the  AAS  and  dispatches  the  data  to  two 
other  procedures:   (i)  data  output  and  (ii)  the  quality  control 
procedures.   The  data  output  procedure  writes  the  data  to  the  screen, 
the  disk  file  or  the  printer.   The  quality  control  procedure  will 
later  calculate  the  sample's  relative  standard  deviation  and  decide  if 
the  sample  should  be  reanalyzed. 
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Figure  9.   ACcontrol:  layout  of  the  autosampler. 

Once  tubes  have  been  allocated,  the  database  is  completed  with 
textual  entries  for  each  sample,  batch  ID  numbers  can  be  added,  and 
incremental  numbers  can  be  assigned  automatically.  Figure  10,   The 
elements  to  be  analysed  for  in  each  tube  are  assigned  from  a  default 
list  of  available  lamps.   For  standards,  the  concentration  is  also 
given  at  this  step.  Figure  H.   Advice,  "Help",  is  available  from  a 
"cook  book"  of  standard  procedures,  arranged  according  to  the  lamps  in 
use.   The  Gilson  pump  can  be  set  up  with  both  flow  rate  and  aliquot 
size,  allowing  full  control  over  the  aspiration  of  the  sample  into  the 
flame,  Figure  12. 
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Figure  10,   HCcontrol:  entry  of  textual  information. 


Figure  11.   RCoontrol:  assignment  of  elements  to  specific  tubes. 
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Figure  12.   decontrol:  settings  for  sample  injection. 
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The  data  base  holds  all  the  set  up  information,  and  arranges  the 
operating  sequence  so  that  all  tubes  with  the  sane  element  are 
analysed  in  one  batch.   The  user,  or  ACcoatroI  can  adjust  the 
sequence.   For  each  analysis,  the  signal  graphics,  the  phototube 
response  as  the  sample  enters  the  flame,  is  recorded.  Figure  13.   This 
trace  can  be  recorded  from  any  point  in  time  after  the  start  of  the 
sample  selection  by  the  autosampler,  so  that  effects  due  to  the  pump 
operation  on  the  flame  stability  can  be  observed.   The  graphical 
information  can  be  stored  and  used  in  assessing  the  quality  of  the 
AAS  itself,  by  injecting,  air,  water,  and  a  standard,  and  comparing 
these  results  with  data  obtained  under  assured  conditions.   Finally, 
the  calibration  curve  can  be  compared  with  stored  averages  of  previous 
calibartion  curves  for  this  element  in  this  matrix.  Figure  14. 
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Figure  13.   ACoontrol:  signal  graphics  captured  in  real  time. 
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Figure  14.   ACeontrol!  comparison  between  a  working  curve  and 
archived  average  curves. 
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10  Discussion 

This  paper  describes  the  design  and  implementation  of  ACexpert. 

Clearly,  the  control  aspects  of  this  project  required  a  large  effort. 
The  goal  of  ACcontrol  was  to  provide  a  completely  accessible  control 
module  such  that  information  obtained  from  the  other  modules  could  be 
used  to  interrput  the  assigned  schedule  allowing  for  repetitive  sample 
analysis  and  unscheduled  quality  control  programs  to  be  started.   In 
this  manner  we  expect  that  the  next  development  will  involve  the 
addition  of  the  real-time  asaessment  of  the  data  being  measured  with 
respect  to  the  quality  of  the  signal  graphics. 

The  significant  research  involved  is  the  encoding  of  the  expert 
knowledge  such  that  it  becomes  accessible  to  the  user  in  an  easy  to 
use  form,   acmethoda  will  be  the  key  module  in  the  role  of  advisor. 
Both  KDS3  and  expert  provide  a  useful  environment  for  coding  this 
information.   The  important  feature  of  our  development  to  date  is  that 
ve  believe  that  the  validation  of  the  information  and  the  design  of 
the  user  interface,  may  in  the  end,  out  weigh  the  advantages  and 
disadvantages  of  any  particular  shell.   For  example,  expert  requires 
provedural  programming  innthe  form  of  access  to  a  "C"  compiler,  so  it 
is  a  much  less  attractive  shell  to  start  working  with  when  compared  to 
the  KDS3  environment.   However,  after  some  use,  it  turns  out  that  it 
is  organising  the  knowledge  that  becomes  the  most  difficult  taks,  not 
the  writing  of  the  linking  code. 
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D18 


rtnni'ifMUJN  w     urtifR  i'i«  cnNCENinni  uin     ieliinioU-G  rem    rrti^CE  meiol 
or  ni:  1 1  UN.     o.n-   nui  iciiunp,     e  .     Uowtiai  i  ■ .     k.i.  ,     siiiqf  ipIci,  l.j  . 

HiownlE-e,    Dfp.i.  Imenl      «f    Clicmiit.  y ,       C.ii  lolori   Um vpf  si  ty ,    Ottawa, 
Llia.li  id,     K\U    ViVKi;    f.     Vij.in,    L.tltur  atni  y    llc-ivice-j    Hi  aiich ,     MtlE . 


(\>,-^    (ivniJll     yiirtl     uf     tl.i^    iitujt---t     1-3     Ltn?    de-iliin,     (on^  tr  ul  t  i  IM. 
and     VCT  I  I  JCStiun        i»r     a        water      =.,im|>  I  er      lor      the-    pr  er  o™- pulr  ijt  i ....    ..  f 

lrji_c>  motal^  f  i  om  raw  .ind  t.i.>jl.(?(l  [ti  i  iih  i  iKj  watr-i  ,  in  |ir  pprfr  a  1 1  on 
for  rttvilyr.i^  by  i  niltii  t  i  vi'l  y  rmin  1  cil  iil.i-.m.i  pmi'i^iun  ■vpr-r  ti  ouctipy 
<U;i*fiJ>.  litis  I'-l-.  been  .i|i|n  u^ii  l.t'il  Lliii).ji]li  tlu-  .iil.iii  L.i  L  i  in.  nf  ,i>i 
pxi-^tiiH)  u' <■■'  <J'«"t"'ti  <it  HK1  ^y-itpm  liii  aitjaiiii  [ni  1  UiLaril'^  in  r  .iw 
,im1  trf.itcil  w.itei  (!fvi»l<iiinil  Ml  lln"in  IdlKiiiiLui  le-,.  aniJ  mrit'titly 
i.mlo  ti^r,t  by  liip  Mii.i'.liy  lit  the  I.  iivi  r  untnf  nl  ,  f\  -H  lii'm.it  i  r  of 
Ihc    w.itpr     s.i<n(jl(?i      is    •^htiwn     in    I  iipn  i^'     !  - 

Iti    u'.r-'     [CPrS    of  f  ei_ti  vi'l  y        tor        w,iti=i         ,i.i.ily?;)s       ijntl        I"     Lake 
.Klwftiilagi'  uf  1  ts  limiil  t.ineous  mu  I  1 1   -plrmi^ill  i  a|i.lb  i  1  i  ly  , 

r.inrnl  L.ii"'nur.  pr  PLOMCinnti  .i  t  ion  of  .t.  m.ir.y  a^  pu^sible  tarilittL  LiarP 
mi'tals  i^  rpiniiicd.  llu-  lariji-t  mi-L.il-i  ^i  r  a  qi  oiip  n  t  pii  Icnl  i  .i  I  I  v 
l.jxn.  mr-L,i1s  fiiiiti.t  iii  r  ,iw  .it.d  trf-.ili'il  watp<'_.  surJi  a^  aliimtiuim, 
1  lir  omium,        .  ob.-il  t,  i  oppt-r  ,        ir  nr.,  Ir-d.l,       ni.ir>i!anc;^f,        tnfi  rut  y, 

imilybdniiiim,  n  m  kf  I  ,  'ilr  .ml  mm,  v.im.kI  mm  ,  .iikI  /  i  hi  .  l''i'  M.iLfi 
samplt'^i  ril-io  lont.iii.  otIitM  nit-lr.l-a  .ll  much  hiylu-i  conr  en  ti  At  ion«i 
^.H  li  .IS  siMlmin,  piil.issinm,  i.il.nim,  .ind  nLiiitu''.  i  urn.  In  tiM  m-j  uf 
liiKtr  I  isk,  thf'^.e  cm  be  i  .il  led  it  rcftevaiit.  Ilii-i  i  pr  i.>-ai?i.Le , 
ho«nvp>   ,        c:.in       c  au^e       ^ei  ious  matrix        i  nler  ffrenrpr,  in        ICPKS 

aiialy-ji^. 
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Successful  tr  are  dnal  Y^i%  of  heavy  metal  ions  t  equ  ires  the? 
plimiiiatiiin    of     iirelDvant    but        inter  fei   i  iiy    hiird       metal      ion-^.  In 

tlii^  pMj|)05c?d  preconceiitrat iun  [iiucedure,  tt)e  scparatiun  uf  thr' 
t.it  gel  m^ta  Is  from  the  ii  r<?l  ovarii  metal  ^  is  being  ach  it'VL'd 
tliiuiigh  st-lec  t  i  ve  adsorptiun  uii  a  moUif  ied  resin  cunlitined  in  .^ 
culumii.  Ihi?  resin  is  muUified  hy  the  additiui)  uf  a  r:lielaLing 
I  i  gand  .  fissent  iai  ly  ,  the  rolumn  can  simultaneously  provirle  an 
adscirbing  ineiJ  ium  Tor  tlie  taigel  trace  metals  and  an  eluling 
medium      for       the       irrelevant      metal        ions .  fr  ad  i  Li  anal    mctiiati^ 

involve  cii  llec  t  ion  uf  all  metals,  fo  1  lowed  by  tlie  selec  t  i  ve 
e tut  ion,    copret  ipitation   or    extractioti   of    the    metal s   uf     interest. 

Thi?  il  1  f  f  erent  i  at  ion  »f  the  ir  ?  e levant  liai  d  and  the  tran- 
■iof  t       metal        ions        is       passible       because       nf        their  different 

cijtiip  If'k  I  ng       chai  ac  ter  i  st  1  cs .  Hie       hard    alkali     iind    alkali-earth 

metal'-,  exh  ih  i  t  a  pref  ei  ence  fur  a  hard  dOTior  atom,  such  ,t. 
oxygen,        fot        cumplexatinn.  Ihe       soft       heavy       metals    exh  Lbi  t    a 

prefer erire  for  a  siif  t  donor  atom,  such  as  sul  fur  or  ni  trogen. 
Iher  ef  or  e,  pr  pfereiit  i  a  1  comp  1  pk.i  I  iiin  can  hi?  i?mp  loyed  tu  sepai  al.t- 
haid  fiom  so  ft  met  a  Is.  1  o  ensure  that  the  undesii  ab  le  metal  s  ar  i.- 
cont  inuuu'jly  e  luted  dur  ing  the  concenti  ation  of  the  heavy  metal'. , 
the  1  igaiul  should  have  siif  t  ni  ti  ugen  and  sul  fur  donor  atom--, 
pr  ef  erab  ly  uHed  in  comb  ma  t  ion  wi  th  each  o  Ihei  in  a  po  1  ydetltaL^■ 
I  i  gand . 

The  1  igand  to-resi  n  bond  c.  nn  be  ( tii  med  hy  v,jr  y  i  ng  the  i  t's  i  ii 
type  and  manipulating  the  terminal  functional  group  on  the 
liqand,     to    achieve    vai   lous    binding    mi?chanisms.        fin    ad-Mtrhent     link 
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!■-.  most  rifiP  1  >  (^  ^'i  1  <':'  *"f  *■'>•?  mi'llioiliilijgy  (Ji"iireil  i  ti  llictie  ^luOver., 
Mhich  r  pquire-i  f  a-at  b^trliMir.e  rpsiri  pr  cp.iriiL  lun,  flPKibility  iii 
himliiitj  and  pluliun  of  nK?t^l^,  .itid  chuicc>  nf  (>liitt[iii  products.  In 
the  ile'jired  bindiny  methanism  llie  btdeiiL.ilo  (ir  clml.itt-  lig<in<l  is 
liydrophuliical  ly  ad*iorlieiI  to  llin  rer.iii  Iti  form  me<l.il  i  umiilexu-^  liy 
covfllfiit  donor  tionili.  Tlir  .idsorptiiin  at  the  ligand  Lo  the  icsin 
in  'it I  r-ny  thptiml  liy  .in  i-Ipl  Ir  u^la t  ic  at ti  act  ion  t>i_' twc^t?n  Ihi-- 
hydrophobic  aramatii:  ^kiucture  of  Hip  ie>iin  and  tUp  hydr  ophnli  ic 
aram.itir    portion   of    tlie    liyaiid. 

Suma  r.ommer  c  i>il  ly  aval  1  able  I  ii]Anrl<>  Lh.il  iir  e  ptis^ili  Ic 
Cand  id.itc?.  for  Iht  dfs  it  fil  fK  Lr.ic  t  inn  ar  *»  i^-mcri  ap  Inpyi  i  d  i  nc  ,  p- 
qiii  no  1  i  tK-tli  iu  I  ,  i?  mi^rcaptn  th  i  a^o  1  me  and  i^-mer  ir^ptobt^nzothia^n  le. 
nor.t  t  cct-nt  I  I  tcr  aim  c>  lias  r.lioNn  trip  ability  of       (1- 

ni(>i  I  .ipini|uinol  nil?     to       prPContenti  ate    mir.ru    amuiiTit^>    of     eleniL-nt-j     in 
n.iliii  al     wa  tE>i  ,  Thene       elemptil-i     i  tii   I  nilf       a    nidi ■       r  aiiiji'    iif    mi^La  I  ^ 

f  I  DO    bolli    group     »?    and    113'. 

It  IP  typt>  of  ri?r.  I  n  thospii  Lii  lit"  Lp^  led  will  In-  X/M)  'i ,  Hits 
r  <?=ii  n  ti-i^  bfen  •jucce'i^f  ul  ly  ii'-if"d  tu  snppoi  t  hydi  opliob  ic  uhola  tp 
tigaiiiK  whith  ciioi  d  iiiati>  using  F-itlu'i  P  ^^Ipliui  atom',  m  I 
Sti  Iphiir     and     1     ni  ti  oypn    .it dm". 


tSKPXlaEUtai 

1 1  in    ovpi  a  I  I        dr^si  qii       uf        the        tt  ai  e       met  a  Is    pi  nrnntentr  at  i  un 
I  net  I  iini(>nt     is     the    •".amp    ari     thai    of     the    organic    samp  I  or  .        The    ma  joi 
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(?niplia5is  in  adopting  Hin  di?rii(jii  Id  ant-  siii  t.ililc  Tor  mfLal 
analy^i^  is  on  the  rep  tacemetit  of  s  taitilefis  -iteel  cii<nij(jiient&  wi  tli 
Teflon  or  othei  ur  tjanic  mater  lal^  "iuch  a^  nylon,  po  lypropy  l^int*  oi 
pulyethy lene. 

In  I  L  la  1  te^  t'i  Hi?r(?  pt^rrtirmt'd  tci  dieter  mine  wh  ich  1  i  garni 
yielded       the       optimum       ratio       of  ligand  to  r(;%in.  Other 

cons  1  del  at  i  ons  for  the  ctioice  of  liqanU  were  tlie  eflsi?  of  i  psi  n 
pr  eparal  ion    and    «hel  f     life       of        the        luaded       resin.  The     i  igarirl 

chosen  Has  E-mercaptubeniothiaiolir  (MIB)  since  a  ratio  of  O.ti 
m«o  1  1  igartd:  I  ml  resin  pr  ovidi'd  the  max  imum  corwrentrat  ion  of 
I  Igand  compleHed  on  the  rc^sin.  This  ratio  presents  B.S  rnmi)  I  nf 
I  igand     for     ev[?i  y    ri    ml     of       resin.  Ihare     i^       sufficient    amiiunl    of 

1  igand  un  tl)e  Xn\i  to  completely  rompli?H  Milh  the  me  La  t  ^^  since  ■) 
'lO  (iph  metal  samp  le  in  a  25  ml  solution  represents  appr  ox  im<iLel  y 
IxlOp-'B   mo  les   of    metal  . 

Experiment at  ion  was  per  formed  using  g 1  ass  columns  packed 
with  O  ml  of  the  ligand  loaded  lesi  ri.  nil  mat^r  ia  t  s  were  soakeil 
in  com  entra  ted  nitrir  acid  and        thpr  uugh  1  y       r  i  tist^il       m  i  Lh 

d(Motii7t-d/dist  I  1  led  Matei.  A  liO  ml  Liicklail  uf  five  heavy  metal-- 
-    caclmiiim,     chromium,        zinc,     coppei        anil     I  i-ail     (tug    (^acti  )  atid    iint' 

of    four    undesirab  le       metal -i  pu  ta'JSi  um,        sodium,        magne-jium    m 

calcium  (  lO  to  300  ppm  each)  -  in  deioni  zed/dis  t  i  1  I  t?d  water  was 
applird  to  the  columns.  Ihe  co  1  umnfi  were  then  washcrd  with  GO  ml 
of  de  ioni  zed/dist  i  1  led  water  Lo       s  imu  I  a  te       ai  tua  1        ^amp  1  i  nij 

conditions  and  to  d<?teimine  tlie  retention  of  the  hard  and/or  soft 
metals    on    the    t.o  lumn.         The    i  o  lumn«i    wcr  p     Lhi>ii    el  u  led    with    Z^^    ml     o  I 
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1  v.    Ill  tr  ic       ac  id       and       thi-       ^amp  If^       H(?rp       ^tor^d        i  ii    pu  1  y»>tliy  l^ne 
hot  t  1p^.  Bolut  ion^    of       melh  ioDiiiE^    or     t:y5teine     in    liX    ni  tr  ic    acid 

Hi?r  r    a  I  su     tested    a^i    possible    elutirig    ayeiits. 


The  initial  yxppr  iments  i)r  the  to  lumn  ccintai  ni  nij  lOO  griims 
of  tt  eatt>d  resi  n  Ner  e  ppi  f  or  meii  Mi  th  a  1  mL  test  sample 
Cuiita  i  n  i  iig     t  OOO    ppb    uf    ciadmiiim.  flftc^r     a       50    mL       Hash    and       a     1     '/• 

nitrir    acid    elut  ion,    csspiit  ial  1  y    90    K    recovery    na-'^    obtained. 

liimi  lat        condi  t ions  wpr  e       usl^iI        to       lest        the       ef  f  ecli       uf 

j  nlei  tereiwre^       un       f  Ive       heavy  itipta  1        iuns.  The  range       of 

inlrrference  concentrations  used  Ma^  f  i  om  O  to  300  pp*"!  nhile  the 
concentration  of  test  metal  ion?.  -  chromium,  copper,  ;inc, 
cadmium    and        l<?ad  was    'lO       pph .  Ihe    resul  ts     for     interferences 

from  magnesiufr  and  calcium  a^  functions  of  their  conceiiti  at  ions 
ai  e    •ihoMTi     in    f  iijureri    i^    .ind    'A.        OecDvei  i  es        in  titi-       fite'BQrK.e      of 

riiid  ium  and  potassium  interferences  Her  e  iHit  affected 

sign!  f  iCiiiit  1y  compared  to  interferences  by  rale  ium  and  fflagnesium. 
Ihr*  r  ecitver  ies  o  f  test  iuns  f  o  I  Iohi  ng  eluL  ion  ai  e  var  i  abl  i? 
HI  Ih  .ind  Hi  thiiut  the  pre«iei>ce  of  inter  fer  ing  ion*i.  Cadmnim  .mil 
■  ••ad  eMhIb  1 1  appr  ox i mate l  y  lOOX  recovery  i  n  almost  al  I  cases 
whi le  copper ,  i  hr  omium  and  / in<  exh  ib  i  t  much  loHer  recover  ies, 
HI  th  the  h  igher>t  recoveries  occ'urr  i  ng  at  th(i  iuMe-.il  i  urn  entrat  ion 
(j(      thi-        iriter  fei  ing     ions.  i;o[(prt        CKh  ib  i  ted     the     lowpsl    recover  y 
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C!Vt"ii     in    the    absi?iicp    tif     i  ntt»r  f  nr  i  ng     ions. 

Ihp  tTK  tr  dc  ts  met  e  .iii.-i  I  y/cil  (nr  tlie  pr  p»^i?nf_r  of  tli(?^=if 
intprf  er  1  nq  lon-i  AnrI  nmip  wt?rp  f  uutuI  ,  Liid  icat  ing  Lhrtt  theiiP  iciii^ 
Mfi  e    'lot    hnund     to     Ihn     1  iqaniJ    .it     tftp     t  ime    iif     i>l  iit  Lun. 

Thr-  adiip  tdt  iun  uf  thf  diuH  i  ri  pr  PcniiCRntralian  eciinpl  pr  lo  tli.' 
(rptprtinn  of  Iracp  lt?vt>I^  of  tiP.Tvy  metal  lun^  has  iiivn!vpiJ 
■jfvrr  a  1  m.T  jor  i.  Dn^ii  iter.it  i  mi-i .  Tht*  f  i  r^il  i 'i  tlii>  cdiiver's  iiin  of  ^  1  1 
interna  I  -.iut  fates  f  i  om  stain  less  stefl  to  i  nc?r  t  pla^t  ic^  tt) 
■nininii7r>  It  is  ad'aorp  t  ton  o1  mF>tal  itin^  ur  hydratt^  mft  at  ok  ides  <.<> 
any       liydruphi  1  ic       surfaces.  Onottici,        is     tl>R    adaptation    of     tlip 

filtpting    stop     to     in«;o  I  ub  le       mp  t-il     detec  t  iun.  F  iiia  1  1  y  ,        uf     mijch 

i  mpor  tanr  p ,  i 'i  the  rifvol  opmnnt  tif  a  '".iiitatilp  1  i  tjand  fm  ■iiilublt? 
mp  ta  I      ion    dnti?t;  t  ion. 

tilt'  I  irst  ^tefi  '*■■  in  ii"  atjrr*r.?j  ami  the  ful  ly  adapt(?d 
pic(  onr  pntrat  inn  t  n^tt  uni^Dt  will  bi?  functional  in  tlir-  nenr 
fiituro.  Ihe  ipcotid  -itpp  rpqiiirpT)  only  l.he  i  dent  i  f  ir_,it  ion  of 
f  t  I  ter  mater  lals  similar  to  Ihuse  Li''>ed  in  the  nt  ganii:  siimp  Ir-r 
whi  ill  Mill  not  1  ntf  T  fei  e  m  i  th  mildly  at.  i  d  1 1  i-x  ti  ar;  t  ion  pr  (neri^-.e^. 
t  ei)uii  ed       f  oi'       met  a  Is.  Ihe       filtration    step     is    np  t  ioiia  I     dnU     if 

dnsii  ed  ,  the  vta tei  stream  t  an  lie  laken  d  i  r ei.  t  ly  to  the  ad^iorp t  ion 
ro  lumnr,        to       avn  id        this       -ileii.  The       aitap  ta  t  ion       uf     the    column 

adsoi  bent  proLedures  is  the  most  inipui  taut  feature  of  thi  f. 
research.  Er^eential  ly,       a       technique       is   betny   developed    to    he 
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ti  dx^ipor  put  tt)  1 1  I  L-lov.int  ioii^  .11  id  Lhii^,  --.plc.'t;  t  i  vt-l  y  t  .1(1  lur  i  iig 
the  li(?dvy  metal  ions  of  iriter(>st.  Ttii?  cidsurbcnL  i^  trpaled  Hith 
ion  ■ifrlcf  live  1  igartds  in  ,in  effort  to  preferenli.illy  .ld^Jorb  the 
ti  ar. p  1011-5  at  tlie  'lO  (ipb  lrv(_*l  in  ,>  lijc  kgrouiiif  nf  iO  to  300  [Jiim 
of    dikali    attd    alhaline   earth   metal     tun^. 

1 1  IP  I esul ts  ^how  that  MTB  i^  a  very  effective  die  I  a I i  ny 
dgent     for        ^ome    of        the    Ic*!  t       me  la  1     Kin--..  I  I    doea    rtot    Appear     to 

bind  e  I  Llini  the  monovaleiiL  .1)  k.il  1  metal  iiin<i  or  thp  il  1  v.t  I  t'lit 
al  kal  i  ni-  ear  lli  ion*-.  hut  doi^-s  .tiipnaT  to  h  ind  Itie  t^i  yet  nif»Lal 
lull's.        Ttii^    L  ■in    be    deduLi'il     ftiim    the    obtei  ved    retoweiy    bohavinur. 

I  n  the  abe^tice  of  mtei  fei  encer>,  copper  ,  «  inr  .ind  rliromiiim 
diviilpiit  lon-i  yield  lot*  reroverie^  while  tho'ie  nf  (<idniiijm  and 
lead       tend       to       be       highe<it,       patticulAily        in       the  aU^Pnre       of 

inlerfeiinq     ion?.  Tiiis    ror  rel  .ite'i    with     ttie    vei  y    •itrony    honilinti 

of  I  ridmiiim  rtnd  lead  to  'vulpliiii,  .»nd  the  piefprenrp  ol  ihiomiiim, 
r  upper  .ind  z  1  nc  for  bonili  ntj  to  1  igand*.  1.  ijnta  itiinij  oxygen  nr 
ni  lroQt?n.  1  hese  lat  tpi  ion"!  ar  e  mor  e  nasi  ly  i:aoi(»  lexrKJ  hy  ei  ther 
H.-iti.-r  111  the  DMygen-conLai  III  ng  niti  it:  at  id  ion  than  die  cadmium 
and  lead.  lhi<.  situation  i-i  uni  hanged  in  the  presence  of  sodium 
or  puta^siuin  because  these  ion^  have  ver  y  MP.ik  bond  1  tiij  to  ^u  Iphur 
1  I  qdnd'i . 

Ihnf:. ,  acLOT  d  i  iiq  to  tluf  d<) t.i,  i  t  iloe-:.  iippeaf  that  MHT  is 
p|fpc.li\e  a-i  a  r.nlertivp  rhel.iting  .iriiMit  fdi  llic  cadmium  and  lead 
inri-i  Mhii  II  are  must  "^ tr ong  I  y  lioiind  liy  sulphur  ,  1  i  nm  a  Hater 
matriK,  even  in  the  pi  e^ipnip  of  intetfeiing  i(inr.,  the  inns  of 
chi  oitiiijm,     cuppt-i     .md     z  1  m:    ar  C"       no  t       (.  onip  Iptrl  y       1  eta  1  ned        f  ui      two 
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rc?asans>.  Tii^t,  in  Ihp  att^ieiitf  u(  interfering  ions  tlit?  liganil  i-. 
nu  I  ef  f  It  lent  tit  r  ulainLiig  these  mt'tals  dut  i  ng  tliR  water  miisIi 
used  to  remove  tlif  intctferit>g  ioti's  prior  to  atid  elutiun. 
Set  and,  in  the  prasencc  of  intt?rferiny  ions  thei  «  is  a  further 
■■■ia  I  t  iiiq  out"  ef  f ec  t  mIi  ich  iiitr  ea'-.e^  wi  th  i  ncr  eiisi  nq  i  nter  fer  fnf;p 
conrpiitr  .it ions. 

thn    I'A    ni  ti  ic    .it.id    mfdium    i  =.   a<ti?(|u.ith'    fur       wffectiwH   elulion 
of     the        le*it     icin%  .  In       rpvi  si  ng    the    exper  i  men  Is  ,     mure    leteiit  i  vc 

ligandT.  miir.t  ht'  rikudit?d  to  pcimit  significant  <:aptui(^  at  thc^ 
harder  (.upper,  chrumium  cind  zinc:  metals.  Ihls  would  legiiiri? 
I  tgands  mi  th  more  i  ead  ily  aviiilablc  thiol  groups,  rep  lac  i  ng  the 
<ner  raptn  ligaiid^  or  possibly  amino  groups  i  ather  than  aromatii 
tu  1 1  ugi?n  a  tnni';.  In  any  i  a^e,  tlie  wni  k  on  Lh  is  f  i  r  -^l  I  i  gam)  ha'. 
|it  uvi  ded  fv  iderif.f  tlia  t  the  com  ep  t  of  seloc  I  i  ve  trac  e  met  a  1  iim 
raptuf  c*  ir,  V  i  ah  le,  and  fui  f hei  work  In  op t  i  mi  le  Llie  1  i  ganil 
struc  tut  e  should  per mi t  the  effective  analysis  of  most  toxic 
mctate    at    or     below     the    ppb     level . 


Ryf  etSIJceS  L 
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Comparison  of  Various  L«acha(e  Extracllon  Procedures 
for  the  Characterization  of  Inorganics  in  Wastes 

by   James  R.  Kramer.  Jill  GIred.  Pierre  Brassard  and  Pamela  V  Collins,  Department  of 
Geology.  McMasicr  Universiiy.  Hamillon.  ON  L8S  4MI 

Introduction 

The  fharacicrizarion  of  rhc  mobiiiiy  of  potenlially  loxit;  metals  in  wastes  is 
imponani  because  meial  mobility  is  generally  related  lo  toxicity.  Therefore  considerable 
effort  has  been  put  forth  to  dciemiine  a  procedure  which  will  accurately  predict  metal 
leathability  under  the  wide  range  of  conditions  expected  in  a  waste  depository  In 
addition,  many  mdusirial  waste;  could  be  used  for  a  number  of  engineering  purposes 
<e.g  ballast,  fill  eit)  if  the  waste  could  be  shown  to  be  stable. 

The  model  for  leachaie  mobility  thai  has  been  widely  adopted  has  been  taken  from 
studies  by  the  U.S.  Environmental  Protection  Agency  i  1 1  This  scenario  assumes  that 
industrial  wasies  will  be  mixed  m  a  limned  amount  with  municipal  mostly  organic 
matter  It  Is  funher  a.ssumed  thai  ihc  organic  ponion  will  be  oxidized  lo  organic  acids, 
and  that  acetic  acid  is  a  suitable  model  substance.  Thus  the  resultant  acetic  acid  will 
leach  to  some  degree  metals  contained  in  the  rest  of  the  waste  Assuming  the 
industrial  waste  is  a  ccnain  fraction  of  the  total  waste  (e.g.  15^1  and  funhci  assuming 
thai  the  industrial  wa.vie  has  the  base  buffering  capacity  equivalent  to  CalOHl,,  one  can 
calculate  the  equivalems  of  (acclic)  acid  equal  to  the  base  equivalents  The  procedure, 
and  various  modificaiions  thereof  l2).  requires  the  mixing  of  a  measured  ponion  of 
waste  dispersed  in  water  over  a  period  of  about  24  hours  with  periodic  adjustment  of 
the  pH  to  5  0  After  the  waste  has  reacted,  an  aliquot  is  filtered,  and  key  metals  are 
measured  If  the  concentration  of  these  metals  exceeds  various  criteria,  the  waste  is 
labelled  as  being  hazardous.  In  esserKC,  Ontario  has  adopted  this  procedure  and  has 
wriiicn  cixle  lf)9  which  specifies  the  leachate  extraction  procedure  in  detail.  In 
addition,  criteria  for  metals  and  nthcr  substances  are  listed 

Any  extraaion  procedure,  by  definition,  is  fiperalionall}'  derined.  Some  imponani 
variables  lo  consider  in  the  above  procedure  include: 

'        effect  of  varying  the  solid  concentration 

*       variability  of  pH  related  to  amount  and  rate  of  acid  addition 
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•  effect  of  heicrogeneous  phases  Acid  artack  may  expose  a  more  aaive  solid 
by  removing  coalings  etc,  or  a  strong  sorbing  phase  may  be  enposed  which 
would  decrease  the  meiaJ  conceniraiion  in  solution. 

•  lime  for  equilibrium  or  steady  state  to  be  reached. 

This  repon  describes  the  effect  of  some  of  the  above  facinrs  on  the  metal 
extraction  oi  a  number  of  wastes  Funhermore.  it  compares  the  metal  mobJity 
dwcnnined  by  the  LEP  with  that  obtained  under  a  constant  pH  (typically  5)  and  with 
metal  mobility  from  the  first  wo  steps  of  a  sequential  extraction  procedure  (3). 

Finally  a  more  rigorous  and  arduous  analysis  of  metal  mobility  was  carried  out 
This  procedure  resolves  the  concentration  of  acidic  functional  groups  from  which  the 
acid  buffer  index  function  (fit  can  be  derived  (4)  Secondly,  the  solid  is  titrated  with 
metal  at  constant  pH  to  detennuie  the  binding  capacity  of  a  specific  metal  Copper  was 
used  as  the  model  meial. 

In  the  evaluation  of  the  various  procedures  two  criteria  are  suggested: 

1 )  When  different  techniques  give  different  metal  mobilities,  the  technique  releasing 
the  most  metal  would  resuh  in  a  cautious  evaluation.  BUT  "to  enr  on  the  side  of 
safety",  one  unisi  also  ask  if  the  procedure  is  representative  of  a  possible  eiiviioruneni 
nr  the  waste  site 

2)  How  different  ate  the  results  for  different  tests?  If  there  is  a  wide  variation  in 
results,  one  may  question  the  value  of  any  method.  If  quite  different  techniques  give 
similar  results,  then  one  may  have  more  confldence  in  the  procedure. 


Methods 

Uachaif  Extraaion  Procedure  iLEPi  The  LEP,  as  [MWcribed  by  the  Ontario 
Ministry  of  the  Environment,  is  welt-documenied  121.  In  brief,  a  .solid  sample  of  50  g/1. 
concentration  is  rotated  end-ovcr-cnd  at  10  rpm  for  up  lo  24  hours  At  prescribed 
periods  of  tmic.  the  pH  of  the  sample  is  measured,  and  the  pH  is  adjusted  with  a 
prescribed  amount  of  acetic  acid.  At  the  end  of  the  mixing  tune,  a  sample  is  filtered. 
and  metal',  are  analyzed  flame  atomic  absorption  specitoscopy ,  using  the  method  of 
stajidard  additions  <AAS)  Meial  concentration  criieria  for  an  acceptable  leachate  are 
given  in  code  309. 

Sequeimal  Exnaction  Proitduie  The  Tessicr  a  al  0\  sequential  extraction 
procedures  was  carried  out  on  rcprescntaiive  waste  samples     In  this  method,  a  one 
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gram  sample  is  trcaied  wiih  more  aggressive  reagenis,  and  after  each  treaimeni  a  suite 
of  meia!'<  is  analyzed  The  first  two  ircaimenls  are  similar  lo  ihe  LEP  technique. 
Esiraciion  I  is  an  "ion  exchange"  aep  involving  the  release  of  metals  by  MgQ  ■ 
ExtTaciion  2  is  a  "carbonate"  reaction  involving  rcaaion  of  acetic  acid  buffered  to  a  pH 
ofS. 

A  modification  of  the  method  was  carried  out  to  simulate  slightly  reducing 
conditions.  This  environmcnr  was  achieved  by  canying  out  the  sequential  extraction 
after  the  system  had  been  completely  purged  with  nitrogen  to  remove  oxygen  from 
•Hiiulion  and  wilid  surfaces 

Ccmstant  pH  exiiaawn  A  sample  of  variable  concentration  is  brought  to  a 
constant  pH  (typically  5 )  using  an  Instnimcni  Development  Group {Burluigton.  ON)  (IDG) 
automated  double  channel  titrimetci  The  sample  is  maintained  ai  the  prescribed  pH 
within  I  0.02  units.  Filtered  sub-samptes  are  taken  periodically  and  are  analyzed  by 
AAS  for  a  suite  of  meials  In  addition,  the  change  in  copper  concentration  under  pH 
stai  conditions  was  monitored  coniinuou.sly  usmg  a  Cu-clectrode, 

Both  the  acid  neutralizing  capacity  (ANC)  of  the  solid  mixture  and  ilic  metal 
leachate  concentrations  arc  detcrmmed 

Dixiere  Affinity  Spectrum  Analysis        This  technique  involves  the  analysis  of 
titration  data  carried  out  for  about  40  hours  using  an  IDG  automated  liiraior     The 
analysis  recovers  (he  pKlacid.l-concenlratinn  spectra  or  pK(meiall-conceniralion  speara. 
In   brief,   rlie  theory   for  data  reduaion  is  as  follows:        Assume  that  the  multiple 
ftinciional  groups  of  a  solid  can  )>e  represented  as  additive  muno-melal  mulli-ligand 
sites.   These  assumptions  can  be  .symbolized  a.s;     M   +    S.   =   M:S  .   where  M  is  ihc 
mcial  (eg    H*.  Cu^*  etc)  and  :S.  is  the  ith  reaction  site.    Furthermore  for  a  mono- 
metal  assumption.    pKj  =  -logK,.  Kj  =  |M)i.S)/lM:Sl.  C,  =  [M:S|)  +  |:S.):  and  by 
substitution.     (:S.l  »  C,  K/(1M|  +  Kj).   and  [M:Sj  =  CJM1/([M1  +  K.),   Brackets- 
(    |.  represenr  molal  concentrations      The  ion  balance  equation  can  be  u.sed  fnr  an 
acidA>asc  tiiiaiion  lo  give: 


lANC]  +  [BASE]  -  f  ACIDI  =  I  f:S  j  =  10       ^^^^  ^  ^^ ( | ) 


where  [ANC],  (BA.SE)  and  |ACID|  are  the  respective  acid  neutralizing  capacity 
concemraiion-s.  base  and  acid  iitrani  concentrations  For  a  meial  titration,  the  mass 
balance  expression  can  be  used: 
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[M] 
ITITRANT)  -  |M]    =    L  C,        [^^  ^  k~  '^' 

Equation  !  and  2  are  solved  by  linear  programming  (LP)  lethnitiues  m  preserve  ihe 
condilion.  C  >  0.  Funhennorc,  ihe  emir  tondiiion.  L,  (5l.  ihe  sum  of  ihe  absolute  of 
the  error,  is  used,  because  ii  is  shown  lo  be  more  robust  for  large  amounts  of  data.  Jiid 
the  results  is  less  biased  by  a  few  poor  data  points  (6). 


Results:  I-EP  and  Tessier  Extraction  Comparison 

Table  t  summarizes  ihc  results  obtamed  for  the  LEP  and  Tcssier  sequential 
cxcraciions  for  a  variety  of  indostrial  wastes  and  for  a  variety  of  meiaJs,  There  are 
some  patterns  that  come  out  of  this  analysis  of  different  methods  First  there  is  little 
or  no  difference  between  the  Tessicr  (steps  I  &  2)  and  the  Tessier  (steps  1  &  2)  with 
nitrogen  purging  Therefore  it  does  not  af^ar  worthwhile  to  continue  work  on  the 
niiriigen  purging  method,  especially  since  it  is  labour  intensive  There  is  often  a 
significant  difference  b«we«i  the  LEP  and  the  Tessier  extraaion.  xs  shown  by  the 
holding  in  table  I  In  everv  case,  the  Tessier  method  gives  the  higher  concentratron 
As  discussed  below,  this  is  probably  due  lo  the  lack  of  atlammeni  of  a  constant  pH  ni 
the  LEP  There  are  two  points  woirh  noting  in  this  cotKlusions;  (I)  the  data  are 
nonnalized  to  the  mass  of  the  solid,  since  the  Tessier  method  requires  this,  and  l2) 
there  is  no  means  for  predicting  when  the  Tessier  method  will  produce  a  greater  metal 
concentration  l.indoubiedly  the  lomptcx  heterogeneous  phases  present  in  the  wastes  is 
the  reason  for  this  variability  in  icsults. 

Results:  Effect  of  pH  fur  Extraction 

One  sample,  X-pen  sludge,  was  characterized  for  metal  mobility  as  a  function  of 
lime  and  for  pHs  of  4  5,  5  and  6  In  this  study,  the  IDG  litrimeter  pH  stat  mode  was 
u.sed  to  control  the  pH  at  the  selected  pH  When  the  system  indicated  thai  the  pH  was 
stable  (usually  0,1-0.5  hours),  the  experiment  was  started.  Aliquots  of  samples  were 
taken  at  \arious  limes  Figure  I  shows  the  pH  dependent  Icachaic  results  for  six  metals 
over  time.  In  general,  as  the  pH  decreases,  the  meial  mohi]it>  mcreases  as  would  be 
expected.  Chroraitim  is  the  one  exception  where  the  Cr  mobi!it>'  is  maximum  at  a  pH  of 
5    In  many  cases,  the  diffcrencrs  lieiween  the  metal  extraction  at  pH  of  5  and  pH  of 
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Tabte  1.  Trace  metals  in  industrial  wastes,.  Comparison  of  results  for  the  LEP  method 
and  the  Tessier  method  with  and  without  nitrogen  purging.  All  results  are  in 
\ig'g  of  dry  solid  equivalent.  Tessier  steps  I  A  2:  (I):  Tessier  steps  I  &  2 
with  nitrogen  purge  12);  LEP:  l3).  Signiffcantly  higher  rtsulu  (10  times  the 
lowest)  are  noted  in  bold. 
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4.5  »  small.  This  suggests  thar  the  pH  of  5  is  a  good  choice  for  teachMc  extraction 
It  is  dislurbins  to  note,  however,  ihat  often  the  system  does  noi  reach  steady  state  or 
cquUibrium  in  about  25  hours  In  fifcurc  t.  cadmium,  copper  and  nickel  Jo  not  seem  lo 
have  reached  a  stable  value  in  the  alloted  time. 

Results:  EfTecl  of  Particle  Concentration 

The  effect  of  solid  concentration  upttn  metal  mobility  ii  shown  for  two  different 
wastes  and  two  metals  m  figure  2.  For  both  samples  and  both  metals,  iiicreasing 
panicle  concentraiiim  decreases  metal  mobility.  Also  the  effea  t^v^ars  lo  be  quite 
significant  li  is  noted  that  iron  and  manganese  lend  to  give  the  opposite  results,  as 
the  particle  concentration  increases,  the  soluble  metal  concentration  increases,  li 
appears  thai  particle  concentration  is  an  extremely  sensitive  parameter  in  the 
assessroem  ot  meial  mobility 


Resalla:  Amnity  Spectrum  Analysis  of  Acid  Buffering 

It  is  a  common  observation  that  all  solid  waste  samples  act  as  very  strong  acidAiiise 
buffers.  Therefore  in  the  LEP  or  any  other  procedure  where  there  is  not  continuous 
pH  control,  there  will  be  large  changes  in  pH  due  to  the  surface  of  the  panicles 
reacting  with  the  acid.  In  order  lo  assess  the  acid/base  surface  chemistry  of  ihc 
wastes,  an  acid  titration  was  earned  out  over  various  time  periods,  and  (he  resuliuig 
data  sets  of  50-200  points  was  analyzed  using  discrete  affmity  spearum  analysis  as 
di.scussed  earlier  The  titrations  extended  from  initial  (pH  8  to  1 1  depending  up<in 
sample)  to  a  pH  of  .V  The  data  were  analvzed  for  a  U.5  pK  mtcrvaJ  and  are  summarized 
in  taMe  2. 

The  data  arc  interpreted  qualitatively  as  follows.  The  sample  will  tend  to  buffer 
the  solution  lo  a  pH  equivsleni  to  the  pK  when  the  concentruion  for  that  pK  b  large. 
Thb  cofKlusion  is  readily  gleaned  from  the  buffer  intensity  (4),  which  is: 

fH]K, 
8  =  2.30259  |(H]  +  |OH|*  IC 


l|H|  +  K^r 


The  andvsis  included  short  tiiTie<i  of  titration  (30  minutes'  and  long  timev  i.'O  hours i 
It  IS  quite  appuent  thai  time  ot  reaction  is  a  ven  tmponant  parameter,  both  because 
there  is  a  great  deal  more  ANC  developed  with  iiKreasing  time  and  also  there  are 
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Figure  2.  Effect  of  particle  concentration  upon  the  mobility  of  cadmium  and 

copper  for  X-pert  sludge  and  a  brass  foundry  ZnO  dust.  All  samples 
were  extracted  at  pH  of  5  and  at  10  rpm  rotation. 

X-pert  sludge: 
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Brass  foundry  dust: 
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F^rtl.         EJfecl  q/ pH  of  extnctioit  upon  melat  mobility.    All  analysts  art  for 
solution    concetUntian  and  Jar  a  partUtt  tonctntntion  of  25  gIL. 
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Table  2.  Affinity  Spectrum  Analysis  of  Industrial  Wastes.  All  tUralions  were 

carried  out  in  0.04  A'  ionic  strength  medium.  Concentrations  are  given  in 
\unollL. 

BO F  Slag  x-pen  Sludge  Wallaceburg 

IgIL  SO  min     IgIL  JO  hr  IgiL  SO  min     0  7g/L  SO  Hr  IgiL.  SO  hr 

pK      Concentration  Concentramm  Concentration  Conceniraiion  Concenirwion 

0  aHo:  0 

0         0  248 

259        47  17,lfr 

2107       1689  0. 

0  0  0 

0         49  0 

387        3058  0 

154        0  0 

58         0  3030 

0         0  0 

72         0  0 

0  0  0 

0  0  0 


ANC:   4317     19.720  3010        7474  8252 

different  pKs  developed  over  lime  For  example,  the  BOF  slag  shows  a  difference  of 
over  four  limes  in  acid  neutralizing  capacity  for  the  long  lime  compared  lo  (he  shon 
lime  ittmlion  In  addition  to  the  pKs  a^^arent  in  the  long  icrm  litration  at  low  pKs 
(3,  3.5).  there  is  an  adtliiional  pK  at  5  which  shows  a  zero  concentration  for  the  shon 
tiiraijon.  These  resulix  clearly  demonstrate  ihe  slow  equtlihraiion  of  surfaces  with 
respeci  to  acids  and  the  imponance  of  carrying  out  liiraiions  very  slowly  over  30-40 
hours.  To  do  this  special  automated  equipment  is  necessary,  hut  any  other  result  will 
not  be  rcprcseni alive  of  the  reaction  of  the  waste  with  its  environment. 

Results:  Continuous  Analysis  of  Copper  al  Constant  pH 

The  dual  channel  IDG  system  was  used  to  hold  ihe  pH  constant  at  5  while  the 
copper  was  monitored  continuously  with  a  ct^jper  electrode  in  the  second  channel. 
Figure  3  shows  for  a  sample  of  Wallaceburg  sludge  the  response  of  coj^r  (electrode  mv 
which  is  proponional  to  log  i>f  the  copper  conceniraiioni  as  an  acidic  titration  is 
carried  out  over  a  period  of  abiiut  24  hours  and  to  a  pH  of  approximately  rliree  The 
copper  concentration  continues  to  rise  (electrode  poieniial  dccrca.scs)  as  would  be 
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Figurt  3.         Plot  showing  the  change  in  pH  owr  time  with  the  slow  mit  of  addition 
of  acid  and  the  change  in  copper  concenlration  as  monitored  by  ion 
specific  electrode.    The  electrode  response  is  shown  in  mVs  which  are 
proportional  to  the  logarithm  of  the  copper  concentration. 
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expected,  bui  ai  u  pH  of  aboui  4.  the  copper  tone cnirai ion  reverses.  indicaiiDg  a  new 
phase  reaction  tK-curring.  This  shows  ihe  kind  of  reversal  ihai  may  occur  when  dealing 
with  a  heterogeneous  phase  system 

Summary: 

t )  Comparison  of  the  LEP  procedure  shows  ihat  il  otien  undcresiimaics  rhe  metal 
mohilizcd  in  tompari.son  lo  ihe  Tessier  extraction  procedure  (steps  !  and  2). 
This  undereijiimdtion  is  undoubtedly  due  lo  the  lack  of  a  constani  pH  in  the 
LEP 

2)  There  is  liiilc  or  no  difference  in  the  results  from  the  Tessier  isteps  1  and  2i  with 
or  wiihoui  nitrogen  purging.  It  is  recommended  that  the  nitrogen  purging 
procedure  n(H  lie  used  due  to  the  more  intensive  effort  required 

i)  There  is  a  pronounced  efleci  due  ki  vLiriaiion  of  the  solid  concent  ration,  Nonnjdly 
the  more  concentrated  samples  release  lesser  mcial  ro  solution 

4)  Detailed  shon  and  long  term  titraiions  indicate  that  a  minimum  of  20  hours  and 

preferably  SO  hours  is  required  lo  obtam  a  true  steady-state  indication  of 
equilibrium 

5)  Affinity  spccimm  analysis  o1  acid  and  metal  titration  data  gives  a  more  quantitative 

and  more  rigorous  indication  oi   metal  mobility      The  icchnique  should  be 
c:^pcnmctiied  with  further. 
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[mmunoassays   for   (he   Deloclion    uf   2.4-D  and   Piclocam    in    HIver  Water   and   Urine 
J.    Chrisiopher    Hall'.    Rsyrnond    J.    A.    Deschsmps.    and    Kim    K.    KricE 


Ocparimerit         of         Environmenlsl         Bioloa)',         llniverBii.y         of         Ciietph.         Cuclph.         Onlario, 
Canada.    NIC   2W1 


Abxtacl.  liruTiuiiossKsys       lot       2.1-0       [2.-t -dichlorapbcnoxyacctic      acid]       and       piclaratn 

[4  -amino- 3.5.(1- iriclilciio -2- py  lid  I  necBi  boxy  lie  acid]  deicclion  wuce  developed  uainu 
polyclonal      ami  hollies      raised     in      New      Zealand      While      rabbit* ,  Conconlralions     of     2.4 -D 

from  100  lo  10. ODD  nu/niL  and  tidrn  50  lo  10,000  nn'mL  tould  be  quaniitated  with 
an  indirect  enzyme-linked  iriununosorbent  assay  tELISA)  and  a  radioinununoatsay 
IRIAI      in       river      waltr      and      urine.       respectively  -  Concent  rations      of      picloram      (rom      50 

to  5000  nK'mL  al&o  could  be  quantitaled  in  rivet  water  and  urine  by  RIA. 
Determinations     using      the      immunoassays     required      no     sample      clcan-up.  Specilicitles 

of  the  sntiseta  for  slructuratly  aimilar  herbicides  such  as  MCPA.  2,4,5-T.  dicamba, 
clopyialid,       and      iriclopyr      <>vere       low      compared      to       2.4 -D      or       picloram.  The      RIA 

nieihodB  incorporated  a  novel  radiolabel  consisiini;  of  [^H]itlycine  covaleritly  linked 
lo      the      herbicide      molecule.  The       RIA     was      considered     moiD      reliable      than      the      fXISA. 

Ihe  iniriiunousssys  would  be  suiluble  For  hcibicide  quanlitalion  in  appliEator 
exposure    and    envircinnicniul    fine    KLudies. 


INTRODUCTION 

The  potential  of  iirununochemicat  lechcoloBy  for  pestitide  analysis  has  been 
enan^incd  by  l-tammock  and  Mumn^a  ( 1930}  and  more  leccntly  by  Van  Emon  rt  al. 
(T9851     and      by      Cheune     et      al.     ( 19881.  Immunoaasays      are     proposed      for    pesticides      Ihai 

aie      difficult       lo      analyxc      by      standard      lechriiques.  Many      pesticides.       includin^t      2.4-0 

■  nd  picloram.  require  an  eNtenaive  sample  preparation  includinK  derivatizalion 
before      they       can      be       analyzed      by      Kas      chromaic^nraphy.  As      alternative       mcthcds, 

immuntiBssays  can  be  aenailivc.  specjlic.  and  picciso  iJiuvidinK  lor  rapid,  cost 
effective    analyses. 

Current  concerns  about  potential  health  hazards  connected  with  pesiii^idc  use 
have  focused  on  2.4-D  as  a  suspected  cancer  causine  aeent  (Huar  el  al..  UJSd).  As 
a  bioadleaf  weed  killer,  2,4 -D  is  used  extensively  in  field  ciops.  on  luif.  and  in 
non-ciop      lands.  Its      widespread      use     and      associated       health      concerns       have      made 

monilor'iriK  environmental  and  bio1i>i{ical  samples  for  the  presence  of  2.4-0 
desirable-  AmonK      the       types      of      samples      moniloicd       arc      well       waiers      for       2.4'D 

contamination  < Prank  et  al..  1 987 J  and  urine  samples  for  applicator  exposure  studies 
ICiOvcr   et    al..    1936:    Libich    et    al..    I9S4I. 

Picloram  is  used  for  the  control  of  woody  ind  bioadleaf  herbaceous  plants. 
It  IS  iclatively  resistanl  lo  breakdown  in  the  enviionmcnt  and  has  been  found  lo 
be  mobile  in  the  soil  (Hamaker  el  al..  19631.  Picloram  residues  have  been  found  in 
surface       and      aroundwater      samples      (Fiank      el      al..       1987;       Baur      cl      al.,      19721.  The 

mobility  in  the  environment  shown  by  picloram  along  with  the  suscepiibiliiy  of 
certain  crops  to  CKtremcly  small  amounts  of  this  compound  (Ragab.  19751  make 
monitorins  water   for   picloram   residues    necessary. 
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Radio  immunoatsayi      (BIA)      for      2,4-D      (Kinder      nnd      Flecker,      1981.  Knopp      el      »!.. 

1985)     liBve      been     reported.          Reccnlly,     Flecker     (1967)      desciibed     iwo  direct     enzyme - 

linked      inanunosorbeni      •slays      (ELISA)     developed      for     (he     deicclion      of  2.4-D      in      walci. 

To     dale,      no     immunoaasays     have      been     reported     for      piclornm.         The  lolloiving     rcpoil 

deacHbcB      Iho     developmonl     of      an      indirei.t      ELISA      procedure      for      2.4-0  and      simple      RIA 

procedures      for       2,4 -D       and       picloram       dc  lection       in       river      wai^r        and  urine        aamples 
williDul  prior  clean-iip   pracedurcB. 


MATf'RlALS   AM)   MFTHOllS 

ChemlcaU       and      Malsrials.  The      annlyliral      standard      Of     pjclorom      and      the      U.O- 

'■•Clpieloram  (sp.  eel.  2b4  MBq/nimtjl)  were  [iiovided  by  Ihe  Dow  Chcmtcsl 
Company.        Midland.        Ml.  TUc       analytical        standard       of       2.4-D       alonif       with        ^- 

hydroxysuccinimide  I  NHS).  /V.A'-dicyclohexylcarbodiimidc  (DCC).  1 -cycloheKyl-3-(2- 
mo  rp  ho  li  no  el  hy  Drarbodiimide  motho-p-  to  iiienes  ulfona  te  (CMC)  .  i  sobuiy  I 
chlurofciiTnalc.  Lrielhylamine,  bovine  sertim  albumin  (BSA).  rabbit  aertim  albumin 
(RSAl.  goal  antlrahbii  phOBphaiBse.  Sinma  104  phosphatase  subairaie  lalilcis,  Twocn 
21)  (polyoxyolhylene  aorliilnti  mcinolaiicale),  Fieuiid'e  complele  adjuvanl.  and 
Fi'eund'a  ineomplele  adjuvant  were  obtained  (rom  SlRrna  Chrmical  Company,  Si, 
Louis,  MO.  The  '^C-Uhelled  2.4-D  {12.4 -dichloropiienoxy  l-[2- '  "Cjacclic  atid;  sp. 
act.  1  l.b  GBq.'niinnll  waa  obtained  from  AnicrslieinyScjirle.  Don  Mi  II  a.  ON.  Aqua  sol 
2  and  (2-3H]Klycine  (sp.  act.  1609.5  CBq/mmol)  were  obtained  fiom  New  England 
^u^lear  Rcsearth  Pioducts.  Boston,  MA,  Diethanolaminc  was  obtained  from  Fiahcr 
Scientific    Ltd..    Don    Mills.    OM. 

Instruments.  The  optical  density  of  microliter  plate  well  connjnt  was  read  on 
a      Bio-Rad      Model      2S5D      El  A      Reader.  Liquid      scintillation      spectioscopy      was      perfoi-med 

on    a    Packard    Tri-Caib    460C    liquid   scintiUalion    system. 

BufforB.  Phoaphaie  btirfered  saline  (PDS)  contained  8.QII  s  of  NaCl.  0,20  e  i>l 
KlljPO^.  2.90  ft  of  NajTO,,  12H2O,  and  0.50  u  of  KCi  per  L  of  distilled  waler.  Tlie 
nil  was  Bdjuaied  to  7.4  wiih  I  M  IICI.  PBS-Twecn  wash  inn  suUiilon  wbk  prtpaicd 
by      BddinR     0.5      inL     til      Tween     20      per     L     of     I'BS.  Dicihanol  amine      buffer     (lonisincd      1  Cit! 

niL  dielhanolanniie  pci  L  of  distilled  wntcr.  The  pH  was  adjusted  to  9.8  with  1  M 
IHl. 

Water      and      Uri  rie      Sannplea.  River     water      was      collecled       fioni      the      Speed      Rivei , 

Cuclph,  Ontario.  The  water  was  ritlcred  throuah  a  Whatman  No.  1  filler  paper,  and 
ciorcd     at     4*  C      until     tirne     of     aoalysiH,  Human     urine     was      collected     fiocn     a     male     donor 

over      a      24       h      period,      pooled,      and       stored      at      A*C.  Water      and     mine      samples      were 

toniflcd  wilh  on  elha  nolle  soltiiion  of  analytical  alandard  ot  2.4-D  or  picloram  to 
nchievo    final    samiilr    cunceniraiions    over    the    raniie    of    5U    lo    10, QUO    nK'niL. 

Preparation  of  tmntunaBB"'-  Picloinm  and  2,4-D  wete  tonjiiBotcd  to  USA  at. 
described  by  Fleekor  (1987).  Equimolar  amounts  of  [' '■clpicloram  (46  ma.  4S.S  Hq). 
NHS  122  mij).  and  DCC  (39  niR)  were  dissolved  in  the  aequence  Riven  in  2.S  mL  o( 
dioxane.  The  solution  was  allowed  10  aland  at  room  lemperotiiro  foi  approximately 
18  h  »l  which  lime  it  was  filleted  to  remove  (he  precipHaie.  The  fi  I  irate  was 
evapuraied     lo     dryness     on     a      rotary      evaporator     under      vacuum     at      35    C.  A      solution     of 

BSA  (500  ma)  dissolved  in  3  mL  of  0,10  M  borate  buffer  (pH  9)  was  added  10  tht- 
residue      and       the      mmure       was      aaiialed       Benlly      (or       I      h      at      lOOfn       temperature.  The 

resuHine  solution  was  dialyied  aa^inal  several  chanaes  of  deioniieed  walet  over  31. 
h  at  4  C  and  lyophilited.  The  procedure  was  rcpested  using  ['*C]2,4-D  (42  ma. 
4  5,5      Bq)       in      place      of       pirloram.  The      amount       of      herbicide      bound      lo       BSA      was 

esiimated  by  measurina  '""c  present  in  weiahcd  portions  of  product  dissolved  i'l 
PBS.  Approximately  2D  and  15  moleculei  of  picloram  and  2.4-D.  lespecliwely.  wcic 
hound    per  BSA  molecule. 
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Aniiaera.  New      Zealand      Wliice       ratibiis      were       injecicd      subcutaneously      wiih      an 

cmuttion  conftisLing  of  D.S  ID  1  .Q  ms  inwniinOBcn  dissolved  in  U.5  rtiL  of  PBS  and  an 
equal      volume      of     Preund'a       compleie      Bd]uvanl.  The      inicclions      were      repeated      3.      6. 

and  10  days  afler  [he  initial  injection .  siibaiiiuiinK  Fteund's  incomplete  adjuvant 
for     complete     adjuvant.  A     booster     injection     waa     given     one     month      after     the     initial 

injection  and  waa  lepealcd  at  manihty  intetvaU  (hereafter.  The  rabbits  were  bled 
for      antibody      liter      determinations      10     days      after     each      boost.  Anlisera       (or     2,4 -D     or 

picloram    immunoaasay   development    were    prepared    from    •    siiikIc    bleed    m    each    case. 

Preparation  of  Coaling  Anttaen.  To  a  solution  of  SO  mg  2.4-D  (0.23  mmol)  in 
2  niL  of  dioKane  was  added  SO  mg  CMC  10.12  nwnol ).  The  solution  was  stirred  for 
2      h      St      room      temperature.  RSA      ISO     mgl     was      dissolved      in      6     mL     Of     0.1      M      borate 

buffer  (pH  91.  The  2,4 -D  solution  waa  added  dropwise  to  the  RSA  solution  over  a 
period     of      IS    min.  The      mintuic     was      mitred      for      18     h      at     4*C     and    dialyzed     against 

several    changes    of  dcionixed   water. 

Preparation  ot  Radlolabela.  The  mixed  anhydiide  of  2.4-D  was  prepared  by 
adding  3.4-0  (6  mg).  trie iliyl amine  (5  uL).  and  isubulyl  chloroformale  (5  uLl  in  the 
tet)uence     given      to      SOO     uL     of     dioxanc.  A      portion     of      tlie      mined      anhydride      solution 

(100  uL)  wiis  added  to  a  solution  of  too  uL  of  [^H]glycine  (U.l  mCi|.  100  tiL  of 
dioiane.       100      oL      of      distil  led      water.       and      2      iiL      of       2      M      .NaOH.  After      I       h.       an 

additional  2  (iL  of  NaOH  was  added.  The  reaction  w<is  allowed  to  piucccd  foi  a 
total   of   4   h   at   room   temperature. 

The       2,4-D-[^H]Klycmc      conjugate      waa      isolated      and      puTifiod      by      TLC.  The 

reaction  mixlure,  [''Il]g1ycine.  and  2.4-D  were  upotied  on  a  silica  gel  plate 
(Whatman      K5F).  The      plate      was      developed      in      a      diethyl      ether:      petroleum      ether: 

formic  acid  (70;  30:3  v/«/vl  solvent  system  to  a  10  cm  solvent  front.  The  2,4-0 
standard  and  the  unreacted  mixed  anhydride  of  2.4-D  were  visual  iicd  under  UV 
light     (Rp     0.621.  Fractions     of     the     plate     were     acraped.     elutcd     with      9Q\    ElOH,     and 

assayed        for       radiosctiviiy.  Three       tractions        contained        appreciable       amounts        of 

radioactivity:      Rp      0.00     (corresponding      to      [^HlBlycine).       Kp      0.47,      and       Rp      0.76.  The 

fractions  were  assayed  for  binding  m  an  KIA  tlKing  anlisera  known  to  have  snlt- 
2,4 -D     activity.  Only     the     fraction     coticsponding      to     Rp     0.47     showed      binding.         The 

binding  also  was  shown  to  be  competitively  inhibited  with  free  2.4-D.  The  fraction 
chiomaiogrBphing  to  Rp  0,47  waa  therefore  B&siimed  lo  be  the  2i4-D-'[^ll]elycinc 
conjuBole. 

The      mixed     nnhydride     reaction     was     topeaied     tising     picioiam     in      place     of     2.4-D, 
The     picloram-I^Hlglycine      conjiiaate     was      laolalod     and      purified     by      TLC     as      dcsciibed 
above     with     the     exception     that     a     solvent    system     of     60:'I0;2     diethyl     ether:     peiroteum 
ether:    formic   acid   (v/v/v)   was   used   for  optimum   separation. 
ELISA  Procedura 

1.  Micioiiici  plulcs  were  coaled  by  adding  100  uL  ot  coating  antigen  per  well 
(0.023   mg   pioiein   per  mL)   and   incubating   for   30  min   at   room   temperature. 

2.  The   plaie   was   emptied   and  washed   once   with   PBS-Tweon  (200  ul.  per  well), 

3.  Unoccupied  sites  on  the  polystyrene  well  surface  were  blocked  by  treating 
with  a  SX  (w/v)  solution  of  powdered  milk  in  PBS  (200  uL  per  well)  fur  3D  mm  at 
room   temperature. 

4.  The    plate    was    emptied    and   washed    two    times   with    PBS-Tween    as    above, 

5.  Diluted  antiserum  ( 1 :  1 000)  was  preincultaicd  (IS  min)  with  herbicide 
standard  and  sample  solutions.  AliQuots  1100  uL  per  well)  of  the  preincubated 
mixtitre  were  iransfered  lo  the  wells  of  the  miciotilcr  ptate  and  incubated  for  1  h 
at  room  temperature,  One  coltunn  of  the  plate  received  no  coating  and  no 
herbicide  in  Order  to  dcleintine  non-specific  binding  while  another  column  received 
diluted    anttsera    only    to   determine    the   maximum   absorbsnce    reading    (8(,). 

6-    The    plate    was    emptied    and   washed    two   times   with    PBS-Tween. 
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7,  Coal  Bnlirabbii  phosphatase  tonjuH«ic  diliilod  in  I'BS  U  :5.000.I>D01  was 
added     1 1 00     tiL     per     well!      lo     the     pUle.  The     pUlc     was      incubaied     for     30     min      al     room 

tptnporaluie. 

H,    The    plate   waa    emptiod    and   washed    two    times    with    HBS-Tween. 

9.  Substrate  (1  lablel  per  S  mL  Of  dlethanolBmine  bulfor)  wbb  added  w  ihe 
plale  (100  iiU  per  well).  Color  was  allowed  lo  develop  for  1  h  or  until  a  readina 
of    n.6    to    0.9    A.tJ    was    obtained. 

10.  Absorbance  of  each  well  was  measuied  at  JOS  mn.  Absorbance  Of  the 
aianiJariU  correded  for  non-specific  bindmR  was  divided  by  B,,  (also  corrected  for 
non-specific  hindlna).  This  value  was  plotted  aKainsl  ihc  log  of  herbicide 
^-on  ten  Ira  lion  (oK/mL)  to  consirucl  *  standard  curve.  Concentrations  of  unknowns 
wtre    ealeuimed    on    ihc    basis    of    ihc    Kiandard    cuive. 

RIA       Procedure.  The      following      RI*      procedure       is      a      modified       version      of      Uial 

described    by    W'eilcr    el    al.    11986). 

1.  Into  1.5  mL  mi  croc  en  iri  fuse  tubes  (Fisher  Scienlific.  Don  Mills,  OS)  v.  as 
iransfnred  100  »tL  of  siandaid  or  sample.  Control  lubes  received  100  (jL  of  non- 
fortified    sample   caluoon. 

2.  Incubation  mix  (300  (jL  per  tube  I  coniisiinK  of  one  pan  deiunized  water, 
one  part  iiiofi  scrum,  12  parts  PBS,  and  sufficient  radiolabel  (o  yield  10.000  cpm 
per    assay    was    added    to    each    lobe. 

3.  Ant  1  sera  diluted  in  PBS  (1:100  for  2.4-0  ami  sera.  1:600  for  picloram 
Bnti««ral  was  added  to  the  tubes  (100  uL  per  tube).  One  sel  of  control  lubes  did 
noi  receive  antisora  for  delerminaiion  of  non-specific  bindins  and  a  second  sel  o( 
control    tubes    received    aniisero    only    for   mammiin   binding   of    radiolabel    (B^). 

A,  The  conientB  of  the  lubes  were  miKed  Ihoroilehly  on  a  vorteii  miner 
followed  by   a    2   h    incubation    at   *'Z. 

5.  The  nntiliody 'bound  radiolBbel  fraction  was  precipiioied  by  adding  0.5  mL 
Of   a    90X   saluraied  (NH4I2SO4    solution.   mixiiiK.    and    incubatinn    lor    1    h   at   4"C. 

6.  The  pincipitate  was  centrifuged  (I2,0U0  x  A)  for  5  min  and  llie  suptiijiaiant 
was  diacaided.  The  pellet  was  washed  once  vniili  a  0.^  mL  portion  of  a  SO* 
saluraled  (NHjtl^SO^  solution.  The  lubes  wore  le-cenlrifuacd  and  the  supetiistani 
discarded.  The  pellet  was  dissolved  in  two  300  iiL  aliiiiiols  of  df  ionized  watei 
which  were  irnnsfcrcd  lo  6  mL  scintillation  vials.  Each  *ial  rcceiycd  4  mL  of 
srintillation   cocktail    (Aquasol   2). 

7.  The  scintillation  vials  were  assayed  for  radioactivity.  All  results  wcic 
coriected  for  non-specific  binding.  Values  for  siandaids  weie  divided  by  B^  and 
were  ploiled  aKBinsI  the  Iob  of  the  herbicide  concentration  (ng/mL).  The  quantity 
of      the      herbicide      in      ihe      unknown      sample      was      calculated      based      on      the      siandaid 


KtSLLTS   AND   DISCUSSION 

A  linear  lelalion  between  the  ton  of  2.4 -D  concentration  and  relative 
abioibance  (B'Bq)  was  found  in  ihe  ranee  of  101)  to  111.000  n«/mL  for  the  indirect 
ELI.SA      procedure      (FiKure       I  A).  A      similar      relationship      was      &hown      between       SO      and 

10,000  iiK/mL  of  2,-1-D  (Fiaure  IB)  and  between  SO  and  5000  ng/mL  of  piclotom 
(FiRure      2)       for      Ihe      RIA       procedutes.  Klnliatical       analyses      showed      that       (or      each 

melhodi  l.hO  slope  of  ihe  standard  cuive  remained  conslsnl  between  experimcnial 
runs      while       ibi;       elevation      of       ihc      line       was      subject      to      small       variations.  The 

coefficient  of  variation  (c.v.)  within  a  run  was  7%  01  less  for  2,4 -D  determined  by 
Ihe  indirect  ELISA  method;  9%  or  less  for  2,4-D  hy  the  RIA  method;  and  'i%  01 
less    for    piclornm   determined    by    the    RIA    method. 
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Fiuure      1.  Standard     curves      for      duplicate     ram      for     ihe      determination      of     2,4-D      by 

Method      A     (ELISA)      and      Melhod     B     (RIA).  Each      poini     represenCi      the      mean     of      four 

or    five    detci-minationi. 
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METHOD  B     (RIA) 


O  Y^   =  1.284  -  0.272X    R^  =  0.992 
A  Y2  =  1.296  -  0,272X    R^  =  0.997 
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Figure     2.         Sisndird     cutve»     tot     duplicate     n)n«     for    the     delflimination     o'     picloiam     by 
Rl*.      E»ch  point  repreaents  th»  fflaan   of  four  or  five  determinations. 


Table       1.       Recovery      of      analylc      from       river      water      and       human       urlae      sample*      ■« 
determined   by   RiA   or  indirect   ELISA. 


Amount  of  ana 

lyle 

Recovery' 

Msthod 

An  » 1 y I H 

added,    uit'mL 

River   water 

Human    urine 

RU 

2,4 -D 

0.25 

2,50 

0.21    1    0.04    (4) 
2.35    1    0.04    (4) 

0.25    -    001    (Ml 
2.65    .    0.15   (7) 

ELISA 

2.4-D 

0.2S 
0.75 
2.50 

0.29  *    Q.Ob  (2) 
2.44    -   0.92   (2) 

0.25   ±   0.03  (9) 
0.90   i  0.13  (7) 

RIA 

picloram 

0.25 
2.50 

0.25    z  0.03   (6) 
2.60   ;  0.19   (6) 

0.19  ;  0.04    (61 

2.32   ;    0.35   (6! 

"Mean   recHjvety;  us   mL   ;   SE  (number  of  dcleimiiiattonc). 

''NO   -   not   deieimined. 
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Rvcovcries  from  rtirlified  river  wni^r  and  human  urine  samples  deleiinined  b>- 
Ihe  imniiinossaays  were  uood  with  mean  overall  recoveries  varyine  (rom  82X  lo 
l!0%  (T«bTe  H.  The  ranee  of  ccinccniratiuns  over  which  2.4-D  and  picloram  was 
accurately  qiianiiiaied  wiih  no  sample  cleanup  correspond  wiih  levels  found  in 
urine  in  applitaior  exposure  siudien  conducted  by  Libich  el  al.  1198^)  ss  well  as 
with  levels  reported  from  environmenlsl  faic  studies  conducted  by  Thompson  el  al. 
(1984)     and     Hall     et     dl.     119871,  With     a     concenlralion     step,     such     as     the     one     described 

by  Flecker  (1987)  usinR  disposable  reverse-phase  pieperalive  chiomaloeraphy 
columns  (ocladccylsilano  bonded  phaie  packinK:  C,al,  the  immunoassays  also  could 
be  applied  lo  *elt  waier  coniaminalion  studies  where  a  lower  limit  of  delcclion  is 
required   CFtsnk   et   al..    19S7>. 

To  determine  the  apecificHy  of  the  antiscra  for  2.4-D.  a  BIA  was  conducied 
whereby  bindinK  of  Ihe  2.4 -O-I^Hj^lycine  radiolabel  was  inhibited  with  st.uclurally 
similar      herbicides       ai      concentralions      up      lo       10.000     na/mL.  Tlie       specificily     of      the 

piclorom      antiscra      was      delennined      in      •      simiUr     manner.  The      resulis      indicaiod      that 

2.4.S.T.  MCPA.  and  2.4 -DP  cross-reacted  wiih  the  3.4-0  antisera  to  some  exient 
(Table    111.       The    aniisein    was    sin    limes    more    specific    for    2,4-D    than    for    Ihc 

Tablell.  Specificity  of  antisera  for  2,4-0  or  piclorarn  compared  to  some  struclurally 
almllar    herbicides   determined   by    Iho    filA    method. 


Amount    of   compound    required    for    SOX 
Cotiipoimd  inbibiiion    in    bintJing    of   radiolabel,    ne/mL 


2.4-D  560 

MCPA  3,600 

a.4.5-T  5.001) 

2.4-DP  10.000 

MCPP  >10.00D 

dicamba  >  10,000 

picloram  7bO 

elop>ralnl  >)0,000 

iiiclopyc  >10.000 

;,4  I)  >iti.ooo 


sitongcst     competitor,      MCPA.  None     of      ihc     relaied      heilji.ides      icsled     wtie      able      to 

inhibit  bindinR  of  (be  picloram  radiolabel  by  S0%.  The  lack  of  specificity  of  the 
picloram  antisera  for  2.4-D  is  parliculaity  important  since  picloram  is  sold 
commercially    as    •    mimute    with    J.4-D. 

The-        RIA      methods      reported      here        incorporate       a       novel       radiolabel.  Heibicides 

labelled  with  '  C  are  easili  oblHincd  but  do  not  lend  themselves  lo  sensiiive  and 
accurate  irnmiinoBssay  work  because  of  low  specific  activities  (Hammock  and 
Mumma.      19801.  RddiolrnmunoassayB     uiilixinli      hieh     specific     scliviiy      radiolabels     such 

as  ['H]2,4-D  iKnopp  at  al.,  1985)  or  an  0^^\]2,4-n  derive  live  (Kinder  and  FIceker, 
1981)      have      Kivcn      uood      results.  Covalenily      linkinji      the      herbicide      molecule      wiih 

t^H^Blycine  yields  a  radiolabel  wiih  high  specific  acuvity  wiihotit  the  expense  of 
purchasing  a  cusUnn  ftynlheslzod  Iri  listed  herbicide  or  the  healili  hazards  connected 
with   todaled   radiolabels. 
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The       KIA      method       w»s      found      to      be      more      reliuble       ihnn      llie      ELISA     meihod.  In 

practice,  the  RtA  was  a  much  simplei  piocedure  lequirinE  fewer  aieps  lo  comptele 
the       ssisy.  The       formaiion       of       iMe       aniibody-snliaen        complex       depend*      on        n 

combinslion  of  weak  non-cova1en(  bonda  including  hydionen  bonds.  eleclroslatic 
foriTCs,      Van       der      Waali       force*,      and      hydrophobic      bond*.  Likewise,      Ihe      pasaive 

bindinB  of  coatinK  antJKon  lO  Ihe  mjcrotiter  plale  well  suiface  depend*  on  these 
same       forces.  A       SLiccessful       indlrecl      ELISA      requires       the       (aimation      of      these      weak 

bonds  at  three  separate  sites:  i)  beiwecn  the  plale  sutfsce  and  the  costins  aniiaen. 
li)  between  the  costing  anliKen  and  Ihe  antibody,  and  iii)  between  the  antibody 
and      the      Boai      aniirabhii-enzyme       complen.  In       compatison.      the       BIA      relie*     only      trn 

the      formation     of      the      antibody-antigen      complex.  Il      is     our     opinion      thsl     for      pesticide 

delcrminations.         a         direct        EL15A        with         monoclonal         antibodies         specific  Far         the 

parliculBt    herbicide    would    provide    a    more    simple    and    reliable    assay. 

The  immunoassay*  reported  here  could  be  incorporated  on  a  routine  basis  in 
most  laboratoriec  to  serve  one  of  two  function*.  The  assay*  could  be  used  as  a 
rapid.  inexpensive  method  for  herbicide  quantitation  with  no  sample  clean-up. 
AltcrnBiively.  they  may  be  implemented  as  a  preliminary  screen  lo  rank  samples  for 
follow-up         deleimi  nation         by         gas         chromatORraphy .  !n         aithet         function.         the 

immunoassays    represent    savines    in    time,    labor,    and   maieriat*. 

Abbreviations  Llsed.  ELtSA:         enzyme-tlnked  immunoaorbent  assay.         R[A: 

tadiointimunoasEfly,  NHS:         /V -hydroxy  succinimide,         DCC;  .V.,V'-dicyclohexylc»ibodiimidc. 

CMC:  1  -cycloliBiiyl-3-(2-(norpho1inoethyl  Icarbodiimide  metho-p-iolutrncsuironale.  PKS: 

phosphate    buffered    saline.    BSA:    bovine    serum    albumin.    BSA:    rabbit    serum    albumin. 
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DERIVATIZATION   OF  ACIDIC  ORGANIC  COMPOUNDS  USING  PHASE   TRANSFER 
CATALYSIS 

V.y.  Taguchi  and  O.W.  Berg 

Ontario  Ministry  of  the  Environment,  Rexdale,  Ontario  M9W  5L1 

Derivatization  procedures  are  usually  incorporated  into  the 
analyses  of  acidic  organic  compounds  such  as  phenols  and 
carboxylic  acids  in  order  to  improve  their  chromatographic 
properties.  Classical  organic  chemistry  is  the  basis  for  some 
common  darlvatizing  agents.  Diazomethane  has  been  used  to 
derivatize  phenols  and  carboxylic  acids  to  their  corresponding 
anlsoles  and  methyl  esters  respectively.  Acetic  anhydride  has 
been  used  to  acetylate  phenols,  alcohols  and  amines.  Acetylation 
relies  on  the  nucleophi licity  of  the  phenol  and  the 
electrophilicity  of  the  acetylating  agent.  Some  phenols  such  aa 
2 , 4-dinitrophenol  and  4  , 6-dinitro-o-cresol  are  difficult  to 
derivatize  with  acetic  anhydride.  This  may  be  due  to 
delocalizatlon  of  electron  density  from  the  phenolic  oxygen  into 
the  nitro  groups  via  resonance  stabilization.  The  net  result  may 
be  a  poor  nucleophile. 

Phase  transfer  catalysis  or  extractive  alkylation  was 
applied  to  phenolic  compounds  by  Rosenfeld  and  Taguchi  [1].  The 
phase  transfer  agent  used  was  tetrahexylammoniura  hydroxide 
(THAH) .   The  following  scheme  illustrates  this  technique. 


261 


ArOH           + 

OH"         ^— *-        ArO"              +              HjO 

[1) 

[THAVArO%g] 

THA"^aq     =5=^       CTKA-^/ArO-^q] 
^                  TTHA'''  /ftT-n"            1 

(2) 

(3) 

^ lirui    /«iru    org  J 

[THAVArO-Qj-g] 

+        CH3l-^ArOCH3         +           THA*!" 

(4) 

The  phenol  (ArOH)  is  ionized  in  an  al}caline  solution  (step 
1).  The  phenol  anion  forms  an  ion  pair  with  a  tetra a Ikyl ammonium 
cation  (THA'*'}  (step  2]  .  This  ion  pair  is  soluble  in  both  the 
aqueous  and  the  organic  phases  and  is  partitioned  between  them 
(step  3) .  If  the  organic  phase  contains  an  alkylating  agent  such 
as  methyl  iodide,  irreversible  alkylation  occurs  in  this  phase 
(step  4) .  This  shifts  the  equilibrium  towards  the  alkylated 
derivative.  This  process  relies  on  formation  an  ion  pair  of  the 
analyte  with  the  phase  transfer  agent.  The  speed  of  derivative 
formation  and  the  yield  of  the  derivative  are  dependent  on  the 
efficiency  of  the  extraction  and  the  rate  of  reaction  of  the  ion 
pair  with  the  alkylating  agent.  The  efficiency  of  extraction  of 
the  anion  of  the  analyte  is  determined  by  the  properties  and 
concentrations  of  the  ions  of  the  ion  pair,  the  lipophilicity  of 
the  ion  pair  and  the  properties  of  the  solvent.  The  most 
frequently  used  phase  transfer  agents  are  the  tetrabutyl-, 
tetrapentyl-  and  tetrahexylammonium  hydroxides.  In  general,  the 
pH  of  the  aqueous  phase  should  be  at  least  2  units  higher  than 
the  pKa  value  of  the  acidic  analyte.   The  organic  solvents  are 
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generally  aprotlc  such  as  dichlororaethane  or  toluene  although 
sone  alcohols  have  been  used. 

Phase  transfer  catalysis  has  been  applied  to  a  series  of 
substituted  phenols  (alkylated,  chlorinated  and  nitrated). 
Initial  experiments  have  shown  that  methylation  to  the 
corresponding  anisoles  occurs  within  1  hour  at  room  temperature 
for  most  of  the  phanolo  studied.  No  product  was  obtained  with 
4,6-dinitro-o-cresol.  This  may  be  due  to  lack  of  formation  of 
the  ion  pair  because  of  steric  hindrance.  This  may  be  a  limiting 
factor   in  the  applicability  of  the  technique. 

One  of  the  problems  associated  with  phase  transfer  catalysis 
is  elimination  of  the  excess  and  reacted  ion  pair  agent.  This 
was  accomplished  using  a  short  column  of  Plorisil.  The  anisole 
derivatives  were  eluted  with  dichloromethane  while  the  ion  pair 
agent  remained  on  the  column.  When  an  insufficient  amount  of 
Florisil  was  used,  excess  reagent  was  isolated  with  the  products. 
In  a  GC-HS  equipped  with  an  on-column  injector,  the  excess  THAH 
underwent  a  Hoffmann  degradation  to  form  trihaxylamins  which 
appeared  as  a  broad  peak  in  the  chromatogram . 

Further  experiments  are  underway  to  optimize  conditions  for 
environmentally  significant  phenols. 

1.  J.M.  Rosenfeld  and  V.Y.  Taguchl,  Anal.  Chem. ,  48,  726  (1976). 
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SPECTROMETRIC  ANALYSIS  OFTRACE  ORGANICS 


T.  B.  McMahon.  K.  Frocsc  and  C,  E,  Allison 

Dcpanmcm  of  Chemistry  and  Guclph- Waterloo  Centre 

for  Graduate  Work  in  Chemistry 

University  of  Waterloo 

Waterloo.  Ontario  N2L3G1 


Although  electron  impact  ionization  is  by  far  the  most  commonly  used  ionization 
lechniciue  in  analytical  mass  spectrometry,  chemical  ionization  methods  offer  unique  advantages 
in  many  specialized  circumstances.    Chemical  ionization  simply  makes  use  of  reagent  ions 
generated  by  ion-molecule  reactions  in  a  reagent  gas  to  react  with  analyte  introduced  into  the  CI 
ion  source.  For  example  tix  simplest  and  most  frequendy  used  CI  technique  is  CH4  proton 
transfer  CI  in  which  ihc  ions  CH5*  and  C2H5''',  generated  by  rcacti(»i  of  the  electron  impact 
produced  ions  CH-^*  and  CH^*  with  CH4  (cqns  (1)  and  (21)  act  as  super  acids  in  the  gas  phase 
[oward  the  analytc.  A  leqn(3)). 

CH3*  +  CH4  -»  C2H5+  +  H2  (1) 

CH4*  *  CH4    -f   CHg*  +  CH3  (2) 

CHs*[C2H5*)  *  A  -.  AH*  +  €^^^{02^4)  13) 

Working  from  a  broad  base  of  understanding  of  the  energetics  and  mechanisms  of  gas 
phase  ion  molecule  reactions  it  is  possible  to  exploit  these  aspects  of  the  dynamics  of  reactions  10 
tailor  chemical  ioniwilion  reagents  to  fiU  specific  needs.  For  example,  in  proton  transfer  Ci  the 
amount  of  energy  deposited  in  the  conjugate  acid  of  the  anulyie  will  determine  the  extent  of 
fragmenialion  (Scheme  1>.  It  is  possible  to  control  the  amount  of  energy  deposited  in  AH^and 
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RH*  t  A  -»  tAH*l'  +  R 


Fl*  ^^2*  ^3* 

+Nj  *N2         tNj 

(SCHFLME  1) 
hence  control  the  extent  of  fragmentation  by  using  reagent  ions  derived  from  compounds  R  of 
verying  gas  phase  basicity. 

Negative  chemical  Ionization  (w  ion-molecule  reactions  involving  anions)  have  received 
widespread  aiiemion  rcccnily  as  a  potential  means  of  analysis  of  compounds  of  environmental 
inicrcst,  panicularly  PAli's,      However,  the  use  of  negaiive  ion  El  or  CI  techniques  with 
chlorinated  organics  is  hampered  by  the  relatively  weak  C-CI  bond  strength  and  die  high  electron 
affinity  of  chlorine  which  leads  to  a  considerable  degree  of  dissociative  ionization.  cqn(4).  Thus 
in  such  ionization  events  all  information  regarding  the  analyie  ACl  is  lost  liincc  the 

R-  +  ACl  -*  IR  +  Alt  Cr  14 

ionization  occurs  predominandy  as  CI".  This  result  can  be  regarded  as  being  due  to  the  chemical 
activation  of  the  intcnnedjatc  ion  molecule  complex  (RACl')*  which  is  sufficient  to  induce 
unimolccular  decomposition.  In  order  to  limit  the  extent  of  unimolccular  decomposition  it  is 
again  worthwhile  to  limit  the  extent  of  chemical  activation  of  the  (RACI")  intermediate  which 
can  be  done  by  a  judicious  choice  of  reageni  ion  R' 

Oicmical  ionization  experiments  arc  most  frequently  performed  in  relatively  gas  tight  ion 
sources  in  conjuciion  with  either  magnetic  sector  or  quadrupole  mass  spectromctric  detection. 
At  the  pressure  employed  (~t  torr)  with  ion  residences  limes  of  several  jtscc  the  average  reagent 
ion  will  have  undergone  al  least  several  hundred  collisions.  Since  ii  is  a  normal  feature  of  ion 
tnotecule  reactitHis  thai  they  occur  with  near  unit  collision  cHicieacy  this  means  that  all  or  nearly 
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all  of  ihe  reagent  ion  inttiulty  can  be  Mmverwd  to  tnalyte  ion  intensity  under  appropriate 
condilions. 

All  of  the  experiments  done  in  ccmjuction  with  this  project  were  carried  oui  with  Fourier 
Transform  Ion  Cyclotron  Resonance  Spectronwtry  (FTICR).    This  technique  accomplishes 
chemical  ionization  at  pressorcs  as  low  as  10"^  torr  by  trapping  ions  fw  extremely  long  periods 
of  lime    Most  typically  in  analytical  situations  pressuies  of  10"  torr  arc  used  with  trapping 
limes  on  ihc  order  of  1  sec  which  allows  roughly  the  same  numbcrof  collisions  to  occur  as  in  a 
conventional  CI  system.  The  only  differences  between  the  FTICR  method  and  the  usual  CI 
system  is  that  at  ihc  low  pressures  of  ihe  FTICR  lermolecular  clustering  reactions  are  avoided. 
Ethylchloroformate  proved  to  be  by  far  the  most  promising  of  the  reagents  investigated. 
The  sequences  of  reactions,  eqns(5)-(7)  readily  leads  to  production  of  chloride  ion  adducts.  A 
CICO2C2H5  -.  CI-  *  COaCjHg  (5) 

cr  *  CICO2C2H5  -I  ClCOj*  *■  CjHgCl  16) 

CICOj"  +  A  -.  ACr  ♦  CO2  I7| 

competing  reaction.  ctin(8)  poicniially  leads  to  a  decrease  in  intensity  of  ACl'.  however,  for  most 
substrates.  A,  eqn(9).  also  occurs,  leading  again  10  ACt'.  The  excellent  signal  intensities 

CICO2"  +  ClCOjCjHj  ~*  CI2CO2C2H5'  +  COj  (8) 

CljCOjCjHs   t  A  -*  ACr  *  CICO2C2H5  (91 

achieved  with  this  reagent  system  and  the  facile  transfer  of  CI'  from  CO2  to  a  wide  variety  of 
compoundii  led  us  to  investigate  extensively  the  potential  of  this  compound  as  a  CI'  transfer  CI 
reagent. 

This  reagent  system  appears  to  be  applicable  to  a  wide  variety  of  compounds  including 
PAH's  and  chlorinated  aromaiics.  Rcpreseniativc  spectra  arc  shown  in  Figure  I. 

The  results  of  FTICR  experiments  indicate  that  chloride  attachment  CI  using 
CICO2C2H5  as  a  chemical  ionization  reagent  can  potentially  yield  excellent  intensities  in 
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quasimolecular  ions  of  a  single  molecular  fomiula.  The  method  ihus  has  promise  in  unns  of 
sensitivity  lor  CI  MS  analysis  of  compounds  ranging  from  PAH's  lodioxins. 
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An   Interrupted   Segmented  Flow  Stream   Microwave  Solid  Sample 

Decomposition  System  for  ICP-AES 

E.D.  Salin  and  Baoquin  Uu 

Depurlnient  uf  Chemistry 

NU'Ciill  lliiivcrsitv 

801  Shcrbrookt  Si.  W. 

Monlreal,  P.Q.,  Canada 

II3A  2K6 

phone  514  398  623« 

Microwave  aided  digesiioii  offers  significani  speed  advaiiiagcs  over  conveniitiniil  aimosiphcric  or 
bomb  digestion  techniques  for  certain  sample  lypcs  ( I  -4).  Ii  is  our  hope  lo  develop  a  flowing 
stream  miciDwavc  system  suiuble  to  the  digestion  of  solid  samples,  U  is  our  cxpectatiun  that 
such  a  system  would  provide  many  of  ihc  throughput  odvaniagcs  enjoyed  by  segrrKnied  and  flow 
injection  systems.  In  addition,  automated  handlmg  of  liquids  should  mmimue  the  fume  hazards 
which  can  result  when  using  the  more  powerful  reagents  required  for  some  difficult  digestions. 

Sample,  as  a  0.2  g  slurry  in  25  ml  is  aspirated  into  tubing  where  it  is  mixed  at  a  "T  junction  with 
25  ml  of  0.2  M  reagent  grade  nitric  acid.  During  this  process  Valves  1  and  2  are  open.  A 
conventional  "kitchen"  type  microwave  oven  has  been  modified  by  the  addition  ol  iwo  3/8  in 
holes  for  the  entrance  and  exit  of  the  tubing  and  the  addition  of  an  exhaust  fan  to  md  in  the 
removal  of  hot  air.  While  this  oven  has  operated  properly,  we  encourage  researchers  lo  buy 
indusirial  calibre  microwave  ovens  for  several  reasons,  ll)  they  can  tolerate  higher  inlemal 
lempcraiures  and  (2)  ihey  allow  considerably  more  fJexibiliiy  in  their  heating  cycles. 

Initially  Valves  I  and  2  arc  open.  Tlic  slurry/acid  solution  is  pumped  iaio  the  microwave  and 

Valves  I  and  2  arc  closed.  The  solution  is  then  subjected  lo  the  microwave  radiation.  At  the 
completion  of  the  exposure,  the  system  is  allowed  to  cool  approximately  I  minute.  Valve  2  is 
then  opened  lo  relieve  pressure.  Any  cfnuent  is  collccicd  in  the  collection  vessel.  Then  Valve  1 
is  opened  and  the  tubes  are  removed  from  the  slurry  solution  and  the  acid  reservoir.  The  sample 
plug  is  followed  by  an  air  bubble,  llic  system  can  be  cleaned  by  an  acid  plug  or  rinsed  with  a 
water  plug  or  acid  plug. 

The  demonsirauon  problem  undertaken  is  one  common  to  one  of  our  undergraduate  laboratories, 
the  digestion  of  Cu  Ore  using  nitric  acid.  For  comparison  purposes,  we  have  earned  out 
experiments  using  the  apparatus  illustrated  m  Figure  1  and  using  a  traditional  atmosphenc  hoi 
plate  digestion  procedure.  The  sample  was  in  a  325  mesh  (44  micron)  panicle  size  fonmi.  The 
sample  was  used  in  exactly  the  same  formal  with  the  same  reagent?  in  both  experiments. 

The  results  arc  presented  succincdy  in  Figure  2.  Corapated  with  conventional  atmospheric 
digestion  conditions,  the  stream  microwave  system  is  an  order  of  magnitude  lasior.  Both  the 
icmperature  and  the  pressure  are  iiKasurably  elevated  over  those  available  at  atmosphenc 
pressure.  These  experiments  were  designed  to  test  the  effeciivcncss  of  the  energy  coupling  mto 
tubing  of  the  dimensions  employed.  They  were  obviously  a  success  in  this  regard.  We  hope  to 
develop  a  cominuous  flow  system  for  rapid  continuous  digestion  of  solid  samples. 
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Microwave  Solid  Stream  Digestion  Apparatus 
First  Experimental  Configuration 
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SOLID  PHASE  EXTRACTION  OF  PAH'S  FROM  DRINKING  WATER 

AND  THE  ANALYSIS  OF  CHLOROPHENOLS  AND  PHENOXY- 

ACID  HERBICIDES  IN  WATER. 

J.M.  Craig,  B.  Derry  and  W.G.  Craig,   Paracel  Laboratories  Ltd., 
B-n  Grenfeli  Cr.,   Nepean,  ON,  K2G  0G3;  CD.  Hall,  Laboratory 

Services  Branch,  MOE 

The  current  procedures  used  to  analyze  polyaromatic 
hydrocarbons  (PAHs)  in  drinking  water  and  chlorophenois  and 
phenoxyacid  herbicides  in  environmental  aquatic  samples  involve 
liquid/ liquid  extraction.  In  the  case  of  the  PAHs,  the  aqueous 
sample  is  extracted  with  methylene  chloride  and  subsequent 
onalyois  of  Che  organic  extract  involves  the  use  of  high  pressure 
liquid  chromatography  (HPLC)  with  a  fluorescence  detectorf 1 ) . 
Methylene  chloride  is  also  used  to  extract  the  chlorophenois  and 
phenoxyacid  herbicides  after  acidification  of  the  aqueous  sample. 
Prior  to  quantification,  this  extract  is  alkylated  using 
diazomethane  and  cleaned-up  on  Elorisil.  Quantitation  la  by  gas 
chromatography  (GC)  with  dual  electron  capture  detectors(2 ) - 

Although  these  methods  are  well  established,  the  potential 
exists  to  simplify  these  procedures  by  the  use  of  solid  phase 
extraction  (SPE)  for  both  the  extraction  and  clean-up  steps.  The 
advantages  of  SPE  are: 

1)  increased  throughput, 

2)  increased  consistency  of  the  analytical  results, 

3)  decreased  costs  of  shipping  and  storage,  and 
1)  being  amenable  to  automation  with  robotics. 

previous  work  demonstrated  the  feasibility  of  using  SPE  to 
recover  chlorophenois  and  phenoxyacids  with  C-18  coiumnsiS).  This 
work  has  been  extended  by  an  in-depth  examination  of  factors 
affecting  the  recoveries  of  these  compounds  with  particular 
attention  being  paid  to  the  reduction  of  compounds  which  co-elute 
and  are  detected  by  the  electron  capture  detector.  Data  attests 
to  the  successful  use  of  SPE  in  field  studies.  A  feasibility 
study  has  been  initiated  for  the  use  of  SPE  for  the  analyses  of 
PAHs  in  aquatic  samples. 

In  order  to  facilitate  the  analysis  of  chlorophenois  and 
phenoxyacids  they  are  derivatized  using  diazomethanefDAM)  to  form 
the  methyl  derivative.  However,  both  DAM  and  its  precursor,  N,N- 
dimethylnitroaourea  (guanidine)  are  suspected  carcinogens  and 
represent  a  health  hazard  to  laboratory  personnel.  Alkylation  of 
carboxylic  acids  and  phenols  can  be  achieved  by  a  variety  of 
reactions  that  are  less  hazardous.  These  include: 

1)  on-coiumn  alkylation  with  Methelute, 

2)  extractive  alkylation  with  cetrabutylammonium  hydroxide, 

3)  methyl  iodide/base  in  acetone. 

The  potential  of  these  three  procedures  to  replace  the  use 
of  diasomethane  has  been  investigated. 
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Findings :, 

A:  Solid  Phase  Extraction 

1 )  The  consistency  of  batches  from  five  different  lots  of 
J.T.Baker  C-18  SPE  columns  (100'  mg)  was  examined  first.  The 
recoveries  of  the  tri- ,  tetra-  and  pentachlorophenols  and  of 
dicamba,  2 ,  4-dichlorophenoxypropionic  acid,  2,4-D,  2,4, 5-T, 
silvex,  2, 4-DB  and  picloram  were  determined.  Values  for  the 
blanks  were  also  determined.  The  variation  between  lots  was  found 
to  be  comparable  to  the  variations  within  lots. 

2)  Larger  SPE  columns,  500  mg  and  1  g,  gave  much  faster  flow 
rates  and  al lowed  more  sample  volume  to  be  passed  before  becoming 
blocked.  However,  these  larger  columns  gave  extremely  high  levels 
of  interferences  detectable  by  GC/ECD  necessitating  treatment  of 
the  columns  prior  to  use. 

3)  The  volumes  of  methanol  and  water  used  to  condition  the 
columns  was  not  critical  nor  were  sample  flow  rates  at  practical 
levels. 

4)  Very  fast  elution  flow  rates  were  found  to  reduced  che 
recoveries  and  also  decrease  the  reproducibility. 

5)  The  effect  both  of  introducing  various  wash  solvents  (before 
and  after  extraction  of  the  sample)  and  of  varying  the  eluting 
solvent  composition  on  the  level  of  interferences  is  being 
investigated. 

6)  The  levels  of  interferences  obtained  using  SPE  for  PAHs  and 
the  influence  of  the  solid  phase  and  eluting  solvent  on  their 
recoveries  was  studied. 

3;  Derivatization  of  chlorophenols  and  phgnoxy-acjds 

1)  Methyl  iodide  and  sodium  carbonate: 

The  reaction  was  studied  with  a  range  of  solvents, 
temperatures,  reaction  times  and  concentrations  of  methyl  iodide. 
The  optimum  conditions  involved  heating  methyl  iodide  (20 
fflicrolltres)  and  anhydrous  sodium  carbonate  (5  mg)  together  with 
the  parent  acids  and  phenols  in  acetone  (1  ml)  in  a  capped  vial 
at  5S°C  for  1  hour .  Separation  of  the  liquid  phase,  evaporation 
of  the  bulk  of  the  solvent,  followed  by  dilution  with  hexane 
furnished  the  derivatized  analytes  ready  for  injection  onto  the 
GC.  Reproducible  results,  comparable  to  those  obtained  using 
diazomethane,  were  obtained  over  a  wide  range  of  enalyte 
concentrations . 

2)  On-column  Derivatization: 

Chlorophenols   and   phenoxyacids   were   co- injected   with 
Hethelute   (trimethylanilinium  hydroxide)   onto  the  GC  columns 
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using  a  variety  of  Methelute  concentrate one,  solvents  and 
injection  temperatures.  This  technique  gave  higher  levels  of 
interferences  and  generally  the  reactions  were  incomplete  as 
compared  to  diazomethane,  Picloram  gave  quite  low  yields  of  the 
methylated  product. 

3)  Extractive  Alkylation: 

This  technique  was  investigated  using  both 
tetrabutylammoniura  hydroxide  (TBAH)  and  trimethylanilinium 
hydroxide  as  the  counter-ion  and  with  methyl  iodide.  The  reaction 
was  studied  for  a  rang©  of  temperatures,  reaction  times  and 
concentrations  of  methyl  iodide  and  anaiytes .  TBAH  was  found  to 
be  the  most  effective  counter- ion.  Although  methyl at ion  by  this 
method  was  more  effective  than  on -column  derivatization,  it  was 
less  reproducible  and  gave  generally  lower  yields  than  either 
diazomethane  or  methyl  iodide/sodium  carbonate,  especially  for 
picloram. 

Conclusions: 

1-The  study  on  the  use  of  SPE  for  the  extraction  of  PAHs  from 

water  ia  continuing. 

2 -Replacement  of  dlazomethane  by  methyl  iodide /base  in  the 
derivatization  step  for  the  analysis  of  chiorophenols  and 
phenoxyacids  will  be  evaluated  in  field  samples. 

3 -Attempts  will  be  made  to  combine  extraction  with  the 
derivatization  step  in  the  analysis  of  chiorophenols  and  phenoxy 
acids. 

References: 

1 .  MOE  Method  HPLC/L-X3HIDI .  The  determination  of  polynuclear 
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industrial  wastes  by  HPLC. 

2.  MOE  Method  PWACP/PA.  The  determination  of  chiorophenols  & 
phenoxy  acids  in  effluents  and  water  by  GC-ECD. 
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r|  ihi-M/i]  fur  .itt'..     (PIIDP s)      in     Llip       iTiv  ii  iiTtm(>r>l  .  Bppi    t  .il     at  ti^nt  ion    i^ 

itirpclpd  at  rtF>ti<i  mi  n  t  ng  Hie  eKpur.iir  c?  of  Itie  piiptiloL  inn  tu  ttie%e 
sitli'it.nrif  (?c.  IM  drifikinq  Matir  .  Ilip  current  mplhoU  uf  .nidly^is  for 
these  coaifjouTido  in  drintciriij  M.^ti^i  i«i  by  I  lc|iiid- 1  iqiii  d  putrattioM 
of  10  I.  gr.ib  eamt'lo?..  Iln"  public  dfm.uid  lor  moi  <?  i  nf  iirm.il.  ion  un 
H.itpi  quality  ipiniiri?'^  lowiM  i  ruj  lln-  dt-lpt  tmn  limit  tii  1.0  ppq 
will  If  I  (if_  r  c-a^  1  iig  thp  ntimlii>r  nf  <idnipl(>?  and  m.iintdi  ii  iny  Imjti 
fvtand.irds    of     IJuality    ^^siiTdMiri'       (Ju.ility    llcintrtil. 

Ilif  (mist  eflet  tive  way  to  mprl  ttn-ii-  f  uiil  1  i(_  t  i  tiq  dementis  is 
<iutoni.it<?d    prpciintpnlt  atiu»    at     the       tost    «i  te.  A       ■safe,    por  table 

•i.imp  I  1  n<(  utii  t  *iifj  1  egui  i  pd  bpc.tusc  eK  i  s  t  i  tiij  1  iqu  iil  ^io  1  veTit 
PKlr.irtuift    I  Antio  t    Uf       ii^ed        i  ii       .i       w.iler        tr  P^lmcnt       p  1  <iiit  .  Dni? 

px.implr  1^  thp  nn.E  uiiil  Mliii.li  uses  11  I.  uf  solvent  fm  a  POO  L 
batch    of    HatRr.  Ihis       unit       wna       ioiind       to       bo       too       bulky    and 

I  iimtiet  ^.oflip  to  fit  the  tr  i  ti>r  la  o(  •)  poi  tiiblp  samp  I  i  ng  ijiii  t  and  , 
Ihi?  vcilume  o(  anlvc^nt  i-i  not  >ippi  opr  i  «ttf  from  .»  uafpty  pint  of 
viPM.  llthet         I  igiiid-  I  i<(iiid       i>k  trai.  tor-^       do       not        folloM    safety 

rt>?5tr  it  lion's    ^tnce     thi'y     involve    dir.ch.irge    of     d  it  ti  lui  nniet.)Kin(>. 
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tn  order  to  du  tum.ilr-  thi?  pr  i?l  uni  piiLr  al  laii  iiroc^ss  11  u; 
I  oii^tr  iurl  io(i  of  an  iiislrinnuiit  Hi»'i  rc?qii  ir  eil  i  ii  urilei  Id  provide 
raoi  e  artpptable  c<illi?ctiun  tPClim  nLi€?5 .  studies  of  I  iqiiid-sul  id 
^Ktrartioii  of  iirganir-i  f  r  iim  Hater  slmMn  tliat  ttie  tDtihiiigue  could 
111?  itiml  ill  a  ^.tintiliiin  unit.  II  I',  i-^.sciit  i  dl  lli^it  m  .iiidiliiiii  to 
the  rtiluiDTi,  .1  llltering  r.v^teni  be  iii^t a1  lf.-<J  r-irire  raM  and  tre.itcd 
M.iter  Mliic.li  ni.iv  ndntrilri  p^ir  I  iriil.ite  m.itlPi  ,  Luiild  tie  analyzed. 
Iwo  genernliotm  of  aittotnatir  |m  FTuiireitti  a t ion  5ani|il[>is  (rtPGI  havp 
bff-ii  Im  1  I  t  ill  oul  lahorattiiy  Lo  i.omply  Hi  tli  tlie  iipcp^^ary 
rritF?iia.  Ihe      fir^t      iirolotypi?,       Mji  k       I       nf'Ji,       a<^s)r.te(l       in 

dpLfr  mi  rii  111}  the  imjioi  tant  fpaliir  f"-,  |  ui  1. 1  if-  Mai  k  II,  per  mi  1 1  i  ng 
tlie  efi  talt  I  istimi'iil  ot  nper  i  f  i  i  ■  f>i|iii  i  rint- iits  f  i.ti  a  «af  i",  i.oiivi-n  it?iit. 
analytical    •^y.  Lem. 

Kit'  M.it  k  II  flPG  was  di?^igiic?d  tii  he  ■  iiggpij  and  jjui  tah  le  f  m 
ii^e  aL  a  Hide  vaiiety  of  ^amp  I  ing  r;  i  te^.  The  precoru  etitrat  i  ori 
veysels  <  f  i  1  L«t  •,  and  (olumn^l  hi>i  i>  madp  di-tai  lialilp  <,u  LliE-y  may  Im 
returned  lo  a  ct'ntral  laliniatuty  foi  atialyui^.  Many  'jaffly 
fealuTe<i  wnr  e  inrurpm  atpd  lu  en^an  i;  aaf<.'  n^e  m  a  nali^r 
Lr(>>atmr>iit    plant  . 

In       II IP  flar  k        I  I        '.amii  I  i  rnj       iini  t       a       Hater        rnoor  vo  it-       h.i'> 

i  tic;  lit  piM  a  I  I'd  into  mIiii  h  tlii'  r  aH  in  ti  palrd  watpt  r.ampio  i -i 
Mumppd.  It    piuvides       a    phy-iital        an      In  eak     in     Llip    sample    stream 

hetMeen  the  Hater  and  the  samiilrr  t.o  pi  pveiit  any  hlar.k  flnw  In 
the  snince.  The  sampler  is  al'.a  capable  of  providing  a  cunt  i  twiiiur. 
injecfcton  and  niKinq  of  T>tandard<;  thtougdtiut  the  sampling  period. 
A  ^.laiHlard  itijpction  .is>^rnihJy  i.rms  i '^  t  i  ng  of  a  if.ervoii  and 
prerlr.ion    pump    rati    del  ivrr        thf    •>tatidar  it       -^nliition    as       a    romtant 
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pr  iipor  t  iiiTi     i)f      Ihp    '.,im|ilr-     I  1  nw    i.itn.  Itii-.    dyn^niK      <|<i.tlitY     Cuntrol 

tif  <i.im|i  I  i-i  [lot  tilt  m.ltii  [■  fill!  I  III)  .1  '..unii  Ic  t  1111  t'l  (ivirir**-,  fi  v.i  1  ill 
I  ntprciiti?  for  qu.lill  i  l.i  t  inn  iif  tin-  .lii.ilylt^'  js  ,^  I  iiiit  l  i  iiii  uf  time 
ariit    m.ilt  I  M    (if     tlin    ^..i>n|ilc 

Tl"'  pr^cunceiitraliDii  (norpfiiS  in  the  <.ainpli-T  •.yitt'in  providri 
rt  dtnl  function!  first  to  filler  particulatp  from  the  •^^miilp 
•vlr  pam  mill  then  to  aU'^oi  li  lh«'  r  cmtii  iii  nij  Mriter  '.o  lublc  t.ii  gnt 
Lomiiniiriil^  on  ttie  to  lumn  f  iit  '=iiih'vr'cn.it!t>t  anal  y^i  -i .  The  f  i  I  ti-r 
ly-.tr-m     i^    ba^c^il    iiti    'ii-t  I  in<)     the    it  i '. I  i  fic  t  ion    Iif- twi>pn       rl  i  •••-.u  t  v*"il    .nut 

m-ioliihli-  pailiilt?s  rtt  O.'irijim.  Tin?  diiji  1  i(..ite  ^nalyLii^l  ^y-.tpms 
p.ii  ti  I  [jnnnt  of  i'  tiiliiil.ir  riltT>rs  placet!  in  ^^•ri*■^i  In  .in  iimmoilvitB 
:~iO     lOOL     n(        I  .iM    water.  Ihn    adsorption    tr?rlin[ilogy     in    the    present 

samp  Ut  III  i  1  i  zvr.  Xf\l)  ?  t  ci^.  in  f  oi  winch  5. imp  1  iiiy  cond  I  t  ions  and 
rliition  ^nil  dftpctinii  [n  oi  ciliii  ps  l.j«t>  tipi-n  e-^tali!  I'^ht.-d  to  pc-Tmit 
rftovi-iy    -'n't    <iii,ilyii5    of    Uiiixiim    at     Itie    pt")     Ir-vcl. 

n    •-.(  hcma  t  It      11  f    H,ilr-i      t  I  on    thr  oiigh     tlie    v..3mii  It-r     i  g     i  |  lustt  a  led 

in  fiqiiir-  1.  Tho  ovpiall  design  .ind  pl.icemonl  of  i  omponents  are 
r.hoHii     in    f  igiir  f-,    j?    .Tiid    3.  Hie       water    samp  1  r       f  i  nm    a    pi  esaur  i  zeU 

imiire    E-nlei  ■-.       through     the    "walei      t  n"    poll     liuali'il    at     the    hack    ot 

tlie  sample!  into  the  water  reset  voir.  Ihe  w.itiM  i--.  ili  .iwn  Itii  iiijcjh 
a    miKiiig        i  hamhf  r   ,     Mhfi  e     th>'     i  iii  omi  nc}     walei      will     hr-     mixr^tl     with     an 

inleinal  v.tandard,  and  i  ■-.  then  split  ei|ually  to  piovtde  dnpliiate 
'..imples,  Farh    i.iflip  I  e    -ilteam    pas-ies     lliiongli    a     f  i  I  li-t     AS^emti  I  y  ,     a 

liiqh  pi  er  i'-.ion  geai  |iuin|i ,  an  air  release  valve,  and  then  a 
I  n  lumn.  I  he       air        i  elea-ie       va  I  ve     is    esseiit  i  aI     fnt      r  nmnv  mg    .in 

ai  I  uinul  ated    on     llie     (  i  I  lei  ,     |>ieventlng     it     finm    enti.-i    i  ng     the    i  o  I  umn 
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■mil  mnnitDrinq  lumpononl:^  >  (liip  s.im|)l  t  ni)  .i|>|i.ir  .tLii'^  i^  lor'atnd  i)ii 
ejt.h       s  iiiH       of        the       Siimp  !(■■   .  I  lit'       |iuni|i-i       m  f^       i  fsiianiiililt*    f  in 

leguliition    ii  T        (  t  um    lalp.  (lii?       h^Lci      f  I  om       diid    pi  t.*<isin  e    uf    c-ic  h 

sample  ^liP'im  is  munituipd  tiy  <nnrl>iiTii<  al  fli>M  mr.'tpr'^  .iiid  prc>s'<iir^ 
gatiqi?       to       cnr.ure       i  tlerit  1  caI        ^ampl  ing       i  utiil  i  t  i  on^ .  f\    pr  b'-.'^ui  f 

swi  tch ,  located  btrtwecn  ttie  f  i  1  tpi  atiit  co  1  uniTi ,  is  coi"iP<  led  Iti  .i 
batch  tronlroller  and  can  termiiidlr-  a  aamplr  i  uii  if  the  prfiirvkit  f> 
till)  Id-iip  ft  am  the  colufflt)<i  ntciii  «;,  or  if  low  [ii  ("i'.ui  e-  dm-  In 
cavi  tatinn  from  •>  tilncknd  fillei  octiir;!.  flfler  pa^<^  i  iig  thi  ciii<|h 
the  iiii  lumni,  I  tip  two  ^amp  I  i  mj  ■jlri'amr,  ju  i  ii  Lt>  pa^is  the  ma  i  n 
electronic  flow  SEOSOr  which  muii)  tui  ^  thD  total  w.itet  f  1  uw  of  thp 
syi^tem.  1lie  f  luw  seiitiUr  seiid^  a  signal  to  a  digital  f  low  itip  tr-i 
and  cliart  recorder  for  a  readout  and  hai  d  copy  of  the  (low  irtLn, 
atid  to  thr  batch  contf  ol  lei  wh  it  h  r  ecoi  U^  the  tu  tal  samp  le 
vii  liimt? .  (\    thai  I' ua  I        t  i  !  tfr      i  ^       (il  ar.ed    pi  inr     to    samp  1  n    output     to 

tc?Hnivt?  any  residual  oiganirs.  On  analytical  liypas-^.  cimtiuiletl  by 
tlir  ■•e-'way  d  i  v€?i  tpr  val  ves  d  i  vi^i  t'j  thp  wati;r  ■^arnp  it?  f  rom  the  m  i  xi-i 
III  Ihp  charcoal  filter.  This  feature  flushes  any  residual  w.iti.-i 
nut  of  the  r  cr.ei  vu  i  r  and  t  e|i  I  ares  i  I  wi  th  a  f  rt.-sli  walt'r  ■■lamp  I  n 
bpfui  u     initiaLtng    anotliei      sample    tun. 
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RIGHT  SIDE  VIEW 


FIGURE  2 


280 


LEFT  SIDE  VIEW 


FIGURE  3 
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fuvawrsD   hpic   heikjd    fcr    iow    izvel   pcaanoaHW   ARowrrc  htctcjcarbcw 

(E«H)  AMAUfSIS  Cr  UOHKnC  HKIS4S. 

P.W.     CcDzier    ard    CD,     Hall,     Hmistry    of     the    Envirorment,   laboratory 

Services  Brancti,   Rexdale,   cntario,   MSW  5L1 

Bslynuclear  Anxnatic  Hydrocartnns  are  hoTQlogs  of  benzow  in  which  three 
or  more  ananatic  rings  are  joiiied  in  vcirious  ccfif iguratitxTS ,  Generally, 
they  are  characterized  as  beinj  high  melting  point/high  boiling  point 
solids  with  low  vapour  pressures  at  ambient  toiperature  and  atmospheric 
presfiure[ll.  PAHs  are  relatively  hydn^^icfic  ccnpounds  v*uch  do  not 
readily  dissolve  in  water  or  water  miscible  solvents  at  high 
axwentratians.  PAHs  are  forroed  during  heating,  burning  and  incinerating 
processes  involving  cartjcyiaceous  materials.  In  nature  PAHs  are  procijcsd 
by  ccntustion  of  organic  natter  under  oanditions  of  insuf fici^it  cocygen 
araVor       low       ccntxisticai       tenperature.  Industrial     PAH     production     is 

associated  with  coal/oil/gas  t«ming  powsr  plants  and  ccrfcusticai  engines 
as  well  as  steel  manufacturing  and  petrociifimical  industries  [  2  ] .  PAHs  are 
nHJor  conpsnents  of  a^:t>alt,  coal  tar  and  soot.  Several  menbers  of  this 
diemical  class  have  been  shown  to  be  carcinogenic  to  anijnals  and  several 
are  suspected  carcinagens  for  inan[3].  PAHs  are  of  OTviromnental  concern 
because  of  their  natural  abundance,  bioconaentration  in  fatty  tissues, 
bioaacunwlaticm  aicng  the  food  diain  and  carcinogenic  activity. 

PAHs  have  been  extensively  studied  in  st^lck  gases,  polluted  air  and  food 
products[4,51.  MDre  ein*vasi3  is  being  placed  cm  the  analysis  of  PAHs  in 
drinking  water  due  to  their  discovery  in  monitoring  prograirs  at  select 
locations  in  Ontario,  The  ijBpleroentation  and  fflipansicxi  of  saii|>ling 
programs  such  as  the  Drinking  Water  Surveillance  program  (CMSP)  and 
mnicipal  Industrial  Strategy  for  Abatement  (MISA)  has  neoessitated  the 
developnent  of  autonated  low  level  analytical  tecJviiques.  A  rcutine 
automated  low  level  hi^  performance  liquid  chromatograFhy  {HPIC)  method 
was  developed  to  analyse  drinking  waters  for  17  individual  PAHs  with  the 
meet  inportant  ones  for  mcaiitoring  purposes  being  fluoranthene  , 
benzo{b)fluoranthene,  ben2o(k} fluoranthene,  benzo(a]pyrene, 

ben20{ghi)perylene  and  indenoa23od)pyrene.  Ttie  World  Health  organization 
(WHO)  states  the  concentratlc»is  of  these  six  r^resentative  PAHs  should 
not  exceed  200ng/L  in  drinking  water[6].  This  now  routine  analytical 
method  increases  production  and  data  quality,  and  reduoes  detection  lijiiits 
and  data  interpretation  time. 
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The  hydrcphcfaic  nature  of  the  PAKs  necessitated  Individual  standard  stock 
solutions  be  made  up  using  5%  benzene  in  methanol  at  concentrations 
between  10  \xj/mL  and  100  ug/mL  dEfxnling  on  the  individual  (WI's  water 
solubility.  lliese  ooncentraticxis  ensiu^d  ooiplete  solute  dissoluticn  and 

eliminated  salute  precipitation  frcra  solution  \ipan  refrigerated  storage. 

Wet  chemical  sai^le  preparation  involves  liqul^^lit^jid  extraction  followed 
tr/     a     three     stage     ccnaerrtraticn     and     solvent     exchange.  Saaples     are 

extracted  three  times  with  diciilorcmethane  using  a  roller  apparatus  and 
the  subsequent  extract  dried  thiDugh  sodium  sulphate.  Extracts  are  then 
ev^xurated  to  dryness  usin^  rotovap  apparatus/vortex  evaporator/nitrogen 
bl(w-dcwn  and  the  solute  resuspended  in  acetonitrile  for  instrumental 
analysis. 

Instrumental  analysis  is  dene  by  reversed  phase  HPLC.  Individual 
ccnponaits  are  separated  using  a  vydac  reversed  phase  CIS  column  ani 
solvent  gradient  prtagran.  A  progranrrable  Perkin  Elmer  ISA  fluorescence 
detector  is  used  to  achieve  the  necessary  detection  limits  to  monitor  PAHs 
at/or  belcw  World  Health  Organizaticn  drin)dng  water  guidelines. 

Instixsnent  retention  times  were  consistent  ewer  time  with  coefficients  of 
variation  <0,3%.  Height  quantitation  results  were  slightly  better  than 
area  tjiantitation  results  with  ooefficiwrtis  of  variatxcn  approximately 
5%.  Fluorescence      detector    linearity    was     limited     to    a     range    of 

approximately  10E2  with  sane  ccn^Kxients  such  as  anthracene  and 
ben20()c)fluoranthene     being     less.  Detector  linearity  ranges  did  however 

increeise  as  the  fluoresoencie  source  lanp  aged  and  the  detector  became  less 
sensitive. 

Methcd  spites  between  0.5  ng/L  and  1000  ng/L  were  analysed  to  establi^ 
recoveries  and  reproducibility.  High  level  ^ikes  were  diluted  to 
established  detector  linearity  ranges  for  prcper  quantitaticn.  Method 
recoveries  were  conparable  at  all  spite  levels  tested.  Average  methcd 
recoveries  were  >  75%  for  most  PAHs  with  the  exoe^Jtion  of  anthracene, 
benzo(a)pyrene  and  dimethylbenzo(a)anthracene.  Anthracene  losses  are  a 
direct  result  of  evaporation  during  extract  concentraticn.  Benzo(a)pyrene 
and    diiiiethylbenzo(a)anthracene     losses    appear    to  be  related  to  the  water 
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extxacticn  stages  of  the  methcxl  lather  than  eva^xsratlcn  steps.  Method 
datection  limits  ifinge  frcm  1  ng/L  for  anthracene  and  benzo(k]fliJoranthene 
to  50  ng/L  for  benzo(e)pyrene  and  (JirysenB.  The  detection  limit  for 
benzo(a)pyrene  is  5  ng/L  whicii  is  below  the  World  Health  Organization 
drinking  water  guideline  of     10  ng/L, 

Several  areas  for  nethcd  iKxUficatlon  and  inproveinent  are  sctwduled  for 
investigation.  Lcwer  detection  limits  for  sciae  oorpcaients  and  reduaed 
analysis  time  may  be  aciiieved  by  further  wavelength  switcJung  and 
gradient/ flow  modifications  respectively.  New  extracticrv'  CCTioentraticfi 
techniques  {eg.  Goulden  Evaporator}  oculd  increase  recoveries  and 
analytical  precision  by  limiting  extract  handling  procedures.  Ihe 
additicn  of  envircmrentally  significant  PAH  derivatives  sixii  as  nitroPAHs 
to  the  scan  would  enhance  the  Drinking  Water  Oiganics  Section  racnitoring 
capabilities. 
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SUPERCRITICAL  FLUID  EXTRACTION  OF  TRACE 
ORGANICS  FROM  SOLID  MATRICES 

R.C,  Burk,  P.  Kruus  and  R.H-  Wighiman 

Dcpanmeni  of  Chemistry,  Carlcion  Universiiy 

Ottawa,  Ontario  KIS  SB6,  Canada 

G.  Crawford  and  I.Ahmad,  Ministry  of  the  Environoient, 

Laboratory  Services  Branch.  Trace  Or|anics  Section 
125  Resources  Road,  Rexdalc.  Ontario  M9W  5L1.  Canada 

Trace  residue  analysis  of  organic  compounds  iin  environmental  solids  is  comprised  of 
two  steps;  sample  preparation  and  instrumental  analysis.  An  autosampler  can  provide  dedicated 
automation  for  instrumental  analysis.  However,  the  sample  preparation,  which  involves  sample 
extraction  and  purification  is  often  the  most  limc  consuming  and  labor  intensive  operation  in 
the  analytical  procedure.  The  eniraciion  normally  requires  expensive  organic  solvents,  is 
associated  with  human  exposure  to  toxic  chemicals,  and  is  often  not  selective,  a  fact  which 
necessitates  the  cleanup  step.  Supercritical  fluids  have  shown  promise  of  overcoming  some  of 
these  difficulties  in  sample  preparation. 

A  supercritical  fluid  is  a  fluid  at  a  lempcratun:  and  pressure  above  its  critical  values. 
Under  these  conditions,  some  fluids  have  properties  which  render  them  excellent  soivcnis. 
even  for  solutes  which  are  not  soluble  in  ihcm  under  ambient  conditions.  The  advantages  of 
using  supercritical  fluids  for  extraction  stem  mainly  from  the  varialion  of  density  of  a  fluid 
with  pressure  near  its  critical  point.  Since  the  ability  of  a  solvent  to  dit^solve  a  solute  increases 
with  the  density  of  the  solvent,  supercritical  fluids  offer  the  advantage  over  liquid  solvents  thai 
solubilities  can  be  varied  by  varying  the  pressure.  The  transport  properties  of  a  supercritical 
fluid  are  intermediate  between  those  of  the  corresponding  gas  and  liquid.  Viscosities  are 
considerably  lower  than  those  of  the  corresponding  liquids,  and  diffusion  coefficients  are 
considerably  higher.  The  kinetics  of  extraction  of  solutes  from  solid  matrices  are  thus  faster  in 
supercritical  fluids  than  in  liquids.  The  variation  of  solubility  with  pressure  in  a  supea-ritical 
fluid  is  significantly  different  from  one  solute  to  another.  Thus,  by  choosing  the  appropriate 
conditions,  ii  may  be  possible  to  selectively  extract  a  panicular  solute,  or  class  of  solutes.  This 
would  preclude  the  need  for  the  sample  cleanup  step  described  above.  The  application  of 
supercritical  fiuids  in  the  selective  extraction  of  aromatics/alkancs,  and  polycyciic  aromatic 
hydrocarbons/polychlonnaied  biphenyls  has  been  documented  in  the  litet^iurc  [  1 .2). 
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Carbon  dioxide  is  the  primary  solvent  used  in  the  supercritical  fluid  extraction  of 
organics  because  its  critical  point  is  easily  attained  in  the  taboraiory.  and  because  it  is  not 
toxic.  There  has  been  considerable  interest  recently  in  the  use  of  two  component  supercritical 
solvents.  Again,  the  primary  solvcni  used  is  carbon  dioxide,  bui  the  second  solvent  (the 
co-solvent)  is  usually  an  organic  liquid.  The  role  of  the  co-solvcni  is  to  increase  the  solubility 
or  selectivity  of  a  panicular  solute  or  class  of  solutes.  Thus,  in  the  extraction  of  organics  from 
soils  [1],  the  proponion  of  aromatics  in  the  extract  increased  as  the  co-solvent  was  changed 
from  a  less  polar  to  a  more  polar  one.  Methanol  is  a  popular  choice  for  co-solvent,  both  in 
supercritical  fluid  extraction  and  in  supercritical  fluid  chromatography 

The  supercritical  fluid  extraction  apparatus  was  buill  in  the  laboratory.  It  consists  of  a 
pump,  a  pressure  guagc.  an  extraction  cell  with  an  inicmal  volume  of  approximately  0.3  mL. 
and  a  fused  silica  capillary  rcstncior  (id  20  ^lm).  Carbon  dioxide  is  used  as  the  solvent.  The 
extract  is  carried  from  the  extraction  cell  through  the  capillary  rcstrictor  into  a  tube  containing 
a  small  amount  of  liquid  organic  solvent  (e.g.  dichloromeihanc),  where  the  carbon  dioxide 
vaporizes,  leaving  the  extracted  compounds  in  the  liquid  solvent.  The  extract  is  ihcn  analyzed 
by  gas  chromatography, 

ITic  resull-s  of  our  investigations  demonstrate  thai  the  supercritical  fluid  extraction 
technique  using  carbon  dioxide  yields  rapid  and  quantitative  recovery  of  polycyclic  aromatic 
hydrocarbons  from  various  environmental  solids.  The  work  is  progressing  to  establish 
conditions  to  selectively  extract  various  classes  of  organic  compounds.  The  use  of  other  pure 
solvents,  as  well  as  binary  solvents  will  be  studied.  Other  variables  to  be  investigated  arc 
lempcraiure,  pressure,  method  of  contacting  ihc  solid  wiUi  the  fluid,  time  of  contact,  and 
solvent  flow  rate. 
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The   basic  principle  oE  flow  injection  is  quite  simple.   A  discrete' 
voiuine  o£  liquid  sample  is  injected  mtc  a  carrier  stream  which 
flows  CO  8  detector.   The  infection  is  accomplished  by  the  use  o£ 
a  ratary  valve.   The  carrier  stream  flowrste  is  maintained  by  a 
precision  peristaltic  piimp.   The  sample  "plug"  is  miected  into 
the  carrier  stream  and  a  transient  signal  appears  at  the 
detector. 

The  How  injection  apparatus  used  in  this  study  is  a  Lachat  rotary 
valve  model  1000  -  600.   This  is  a  electro-mechanical  valve  that 
IS  triggered  automatically  by  TTL  pulses  generated  in  the  central 
processing  unit  ot  the  ICP-MS  computer.   Liquid  flow  is  controlled 
by  a   peristaltic  pump  [Gllson  Kir,ipuls  -  2).   The  detector  used  is 
a  sciex  Elan  model  250  ICP-MS  system  connected  to  a  stand  alone 
personal  computer  lor  data  handling. 

Flow  injection  produces  a  transient  signal.   Transient  signal 
measurement  is  accomplished  by  using  a  special  transient 
measurement  program  in  the  Elan  software.   Originally  this 
software  was  devised  tor  an  electro-thermal  vaporization  device. 
Utilization  for  the  (low  injection  apparatus  was  quite  straight 
forward,  using  the  various  ramp  voltage  timing  sequences  for  the 
rotary  valve.   Automatic  triggering  of  the  data  acquisition  syster 
IS  also  possible  using  this  software  program.   This  allows  for 
very  reproducible  results  when  .measuring  several  peaHs. 

In  addition  to  controlled  triggering,  appropriate  dwell  times  mus' 
oe  used  in  order  to  obtain  good  precision.   EJwell  time  is  the 
length  of  time  t;ie  computer  is  resident  on  a  selected  mass  peak 
while  acquiring  data.   OptLmum  dwell  time  will  vary  depending  on 
the  number  of  peaks  and  the  transient  signal  duration.   Fcr  single 
element  analysis,  experim.ents  have  snowr.  that  a  300  ms  dwell  time 
is  optimum.   At  this  dwell  time  the  precision  obtained  after  the 
measurement  of  seven  different  injections  of  a  100  ug/1  aqueous  Pb 
standard  was  approximately  3%  R.S.D. 

The  residence  time  of  a  transient  signal  produced  by  flow 
injection  will  vary  depending  on  the  extent  of  dispersion,   There 
are  two  modes  cf  physical  dispersion:   convection,  and  radial 
molecular  diffusion.   The  effects  of  each  of  these  depend  or.  a 
number  of  key  experimental  parameters  icarrler  Btream  flowrate. 
tubing  size  fron^  the  injector  unit  to  the  detector  and  sample  loop 
volume) .   Various  response  curves  nave  been  produced  for  each  of 
these  parameters 

Once  a  set  of  response  curves  has  oeen  created,  this  information 
can  be  used  to  find  optimum  parameters.   This  will  enable  the 
utilization  of  dilution  caused  by  dispersion  to  minimize  matrix 
effects. 

After  optimising  this  particular  system,  a  significant  reduction 
in  matrix  effects  was  observed  compared  with  continuous 
nebulization.   However,  the  detection  limits  for  the  analytes 
investigated  degraded  by  a  factor  of  5.   Detection  limits  will 
vary  with  the  extent  of  dispersion. 
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with  conventional  nebulizers,  samples  with  high  amounts  o£ 
dissolved  solids  (>I%)  form  oxides  in  the  plasma  and  tend  to 
"clog"  the  sampling  orifice  of  the  ICP-MS.   Experiments  in  this 
sCLidy  have  shown  that  using  flow  injection  to  introduce  high 
dissolved  solids  solutions  produces  far  less  oxide.   Therefore 
orifice  "clogging"  is  substantially  reduced. 

At  present  trace  analysis  of  uranium  In  water,  soils,  vegetation, 
air,  and  dustfall  Is  done  by  conventional  ICP-MS.   Trace  uranium 
analysis  in  an  industrial  waste  matrix  poses  a  problem  for 
conventional  ICP-HS  due  to  the  potential  of  high  dissolved  solids 
In  the  matrix.   Preliminary  work  on  the  development  of  a  method  to 
estimate  the  concentrations  of  uranium  by  flow  injection  ICP-MS  is 
m  progress.   initial  results  indicate  that  minimum  matrix  affects 
are  seen,  and  that  the  data  are  precise  and  accurate. 

Flow  injection  in  general  is  very  versatile  and  offers  a  number  of 
In-line  sample  pretreatment  processes.   Preconcentration  is  one  of 
them  (II).   With  an  ever  increasing  demand  to  gain  lower  detection 
limits,  preconcentration  with  flow  injection  ICP-MS  offers  a 
potential  of  detection  power  in  the  parts  per  quadrillion  range. 

Sample  speciation  studies  are  also  possible.   Separation  can  also 
be  accomplished  in-line  with  a  flow  iniection  unit, 
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ISVESTIGATICN  OF  THE  IM  SITU  PCSTtUOiai  PBDCESS  -  DETiJKimTiai  OF 
WVIXtVBirKUX  SICVIFICAtrr  CHUIXUNATED  FCND  and  DIKYIKIC  PHaKX£  IN 
AOUBOUS  NKTRICSS  USING  PUAL  CAPIUAEQf  ODUMI  GAS  OffiCMKrOGRAPIff 


R.  Lega,  6.  Meresz  and  M.  Savu,  Ministry  of  the  Qivironnent ,  Laboratory 
Scnficee  Brandn,  Trace  Organlcs  Section,  125  ResourceB  ftoad,  Rextfale, 
Ontario,   Canada  M9W  5L1 

Chlorci*ienol8  constitute  a  group  of  ccmpounds  with  a  long  history  of 
envircnmfflital  problems.  Tlieae  paroblems  started  to  ocair  at  the  turn  of 
the  oentury  with  the  general  introduction  of  dilorinn-dis  infect  ion  of 
public  water  supplies.  The  severe  taste  and  odour  pccblenB  were  traced 
to  chlorinated  phenols  and  to  phenols  in  the  rag  wati;r,  thus  analysis 
of  "phenollcs"  in  the  source  waters  is  pC!*abLy  the  earliest  exanple  of 
environmental  tronitoring  for  organic  ccmpcxinds  at  the  tra::e  levels. 
Later,  wood  pulp  bleaching  fsoduced  and  introduced  a  wide  veriety  of 
chlorinated  fhenolic  coopoisids  directly  to  the  aquatic  environment. 
These  substances  have  very  high  pollution  potentials  owing  to  their 
fish  toxicity,  bioaccumulat ion  an3  fish  tainting  parqperties.  Other 
sources  of  chlorcphenols  are  penta  chlorqphenol-based  wood 
preservatives  and  pesticides  synthesized  frcm  chlorinated  jhenola. 

The  objective  of  the  present  work  was  to  develcp  a  ^b  chronatographic 
analytical  scan  for  a  wide  range  of  chlorc^ihenolic  ccmpounds  that  can 
occur  in  the  environment,  including  deriwtives  of  .iitydric  phenols 
such  aa  catechol  and  its  ntmcfnethyl  ether  guaiacol. 

Since  jhenolic  compounds,  in  general,  are  notorious  for  causing 
difficulties  in  ^s  chromatography,  a  deri\®tization  step  had  to  be 
considered.  For  this  purpose,  in  situ  acetylation  was  selected  as  the 
technique  of  choice.  This  reaction  is  receiving  increasing  attention 
in  organic  trace  analysis,  as  it  is  an  elegant  and  aiitple  technique 
that  In  one  step  achieves  derivatization  for  ^s  chronatogr^ic 
analysis  and  greatly  improves  recoveriee  of  [iienolic  compounds  frcw 
aqueous  mtrices. 
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A  systematic  atxidy  of  the  Jn-aitu  acatylation  reaction  ves  tndertaken 
using  aeLectad  phenols,  and  Later  the  full  range  erf  analytea  prc^icsed 
for  the  scan.     Ilie  ftill  range  of  Eiienolic  oczipounds  is  shown  In  T^ble  1. 


TABU  1 .     LIST  CP  CHLCCUNATED  FBENCLIC  ODKPCUlDe  INVEOTIGATHD 


Qi  loroF^ienol  s 

1. 

Phenol 

2. 

2-Oi1jo  caph&rK)! 

3. 

3-Chlor  qphonol 

4. 

4-Chlorc5*ienol 

5. 

2-Chlor  o-5-MBt  fy  1  [ttenol 

6. 

2 , 6-Dichlorcfhenol 

7. 

4-Chlor  o-S-MetVy  lfJ»nol 

8. 

3, 5-Dichlorcphenol 

9. 

2, J-Dichlotcphenol 

10. 

2 , 4-Dich lor cphenol 

li. 

3,4-DichLorci*ienDl 

Qiloroquaiacols 

22. 

4-Oilorcgua  iacol 

23. 

4 .  S-Dlcdiloroguaiacol 

24. 

3,4,5-Tridiloroguaiacol 

QilorocateciiDla 

27 .  4-ChlorocBte<*K>l 

28.  4, 5-Dictaorocatec*iol 
Others  (non  prinary  Target) 

31.  3,4,5-TrldUarosyringol 

32.  5,6-Dichlorcwanillin 


12.  2,4,6-TritW.c9rQt*iBnol 

13.  2,3,6-Tridilorcyhencd. 

14.  2,3,5-Tric*aorci4w™3l 
15-  2,4,5-Tridilorqiienol 

16.  2,3,4-Triciilorophwiol 

17 .  3,4,  S^rrichlorcphenol 

18.  2,  3, 5,6-TetradllorcfhBnol 

19 .  2,3 , 4, 6-TetrachlCffq*enol 

20.  2,3,4,5-TetraciUorcfiwnol 

21.  Pentachlorcphenol 


25 .  4, 5, 6-Tric*)lorogiBiacol 

26.  3,4,5,6-TetracJilotcqusiacol 


29.  3, 4, 5-Tridilorocatot*>ol 

30 .  TetrachlacocatedioL 

33-  Guaiacol 

34  Syringaltlehyda 
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During  the  study,    the   follcwing  i^riations  were  exploriri: 

1-    Ruining  the  acetylation  witlnut  arei  with  bicarlxmate  tuffer. 

2.  Additior  of  ejttraction  solvent  before  or  after  the  main 
aoetylation  reaction. 

3.  Addition  of  2.5  or  5.0  kL  acetic  anhydride  to  500  ri,  sanple. 

4.  Addition  of  acetic  ar^ydride  in  one  or  two  partiooa. 

5.  fibBence  or  presence  of  a  cntaiyst. 

6.  Addition  of  different  catalyBts: 

a)  4-(diinethy!amino)pyridLne 

b)  pyridine 

c)  eucalyptol 

7.  Single/multiple  extraction. 

8.  Diiect/stepi^iae  evaporation  of  extract. 

The  following  ctoservat ions  were  itede: 

1.  In  the  absence  of  bicarbonate  buffer,  acetylation  doea  not  tAe 
place  to  a  practically  acceptable  extent. 

2.  Trie  addition  of  extraction  solvent  (methylene  diloride)  after  15 
min .  react  ton  t i  ite  ( and  not  before  the  adcU  t  ion  of  acetic 
anl^dride)  resulted  in  little  ctiarges  in  recoveries  with  the 
exception  of  goalacols.  The  recovery  of  tetrachlorcgiBiacol 
doubled,    frcoi  41   to  82%   (average  erf  eight  experiments). 

3.  Doubling  the  qiBntity  of  acetic  anl^dride  ffron'  2.5  to  5.0  nt,) 
had   little  effect  on  recoveries. 

4-  The  addition  of  acetic  anhydride  {5.0  nt,)  in  two  2.5  itC  porttona 
[TBile   little  differ«*ce  In  recoveries. 

5.  Addition  of  catalyst  ^snerally  increases  reco^'eries  especially 
foe  those  comFOnents  lAiich  are  difficult  to  acetylate  (such  as 
guiiiacols,   syringaldehyde) . 

6.  Pyridine  and  4-(diinethyta(nino)  pyridine  showed  ixjmfarable 
cfttalytic  effects  While  eucalyptol  had  a  vtry  sli^t  positive 
effect  on  Che  reaction. 

7.  [*jltlple  extraction  of  t'le  reacttcwi  mixture  givws  alicjitly  higher 
recoveries  v*yen  tli«  same  total  qiBntity  of  solvent  is  used  hut 
the  difference  ^ioes  not   justify  the  effort  roquirad. 

8.  St^swise  evaporation  o£  dried  extracts  gave  sLi^tly  la*?r  txtt 
Bore  oonsistent  recoveries. 
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Sample  extracts  were  analysed  on  a  Hewlett  Packard  5730A  Gas 
Chranatograph  equipped  with  dial  flare  ionization  detector  and  liial 
capiiiary  colunn   (30m,    0.25ram  10.    0.25u  coating  DBl?  and  EBl). 

•nte  method  detection  levels  o(  all  the  canpounds  were  calojlated 
according  to  the  Cntario  Ministry  of  the  Environment  guidelines,  and 
iKere  found  to  be  in  the  range  2-5  ug/L. 
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ROBUSTNESS  OF  SIMPLE  HYPOTHESIS  TESTING  MEHIODS  WITH  CENSORED 
ENVIRONMENI AL  QUALITY  DATA 

E.E.  Creese 

Creese  Ens'ironmcmal  Consulting, 

P  0  Box  91,  Waterloo.  Oniario 
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[NTRODUCTION 

l-rctjuenily  when  a  chemical  parameters  of  environmental  concern  (e.f.  chlorinaicd 
organics  or  heavy  metals)  is  measured,  a  sample  will  contain  some  observations  below  the 
analytical  dcieciion  limit.  Such  data  is  tcrmcti  a  censored  datu  set. 

Previous  studies  [Gilliom  &  Hehel.  1986;  Hclsei  &  Gilliom.  1986)  have  shown  that,  of 
the  methods  thai  they  invcsilBaied,  log-probability  regression  to  the  curve  of  a  norma! 
distribution  was  the  most  robust  forcstiinating  population  parameters  such  as  the  mean  and 
standard  deviation  of  parent  populations  of  environmental  data.  This  work  takes  as  a 
sianing  point  the  assumption  that  the  lognormal  distribution  is  the  most  likely  parent 
distribution  of  chemical  water  quality  data.  It  endeavors  to  assess  the  reliability  of  simple 
hypothesis  testing,  such  as  the  z  test  or  the  i  test,  when  population  or  sample  parameters  arc 
estimated  by  log-probability  regression. 

The  basic  procedure  is  to  generate  a  large  number  of  simulated  samples,  all  with  a  specified 
number  of  observations.  Then  censoring  is  pcrfomied  at  a  certain  defined  cut-off  point. 
The  mean  and  variance  of  the  population  (or  sample,  depending  on  the  method)  arc 
estimated  by  log-probability  regression.  Then,  a  hypothesis  test  is  performed  using  the 
estimated  mean  and  variance  to  determine  if  the  sample  mean  can  be  inferred  lo  be  equal  to 
the  population  mean.  Since  the  population  mean  is  known,  which,  of  course,  is  the  whole 
point  of  using  simulated  data,  one  can  say  whether  or  not  the  statistical  test  failed.  Such  a 
failure,  that  of  rejecting  a  true  null  hypothesis,  is  termed  a  type  I  error.  This  work  involves 
the  use  of  Mortic  Ciirlo  methods  to  ctimparc  to  compare  nominal  type  I  error  rates  to  actual 
type  [  error  rates.  Ai  present,  several  regression  methods  are  being  compared,  but  only  one 
is  reported  on  here.  The  work  is  still  in  progress.  For  this  reason,  methods  arc  the  main 
topic  of  discussion  in  this  paper.  Only  preliminary'  results  are  available. 

METHODS 

The  work  is  being  carried  oul  on  a  Macintosh  Plus  microcomputer  with  a  20  megabyte  hard 
drive.  Random  number  generation  and  statistical  nniiines  are  pcrfonncd  with  the  Systai 
application.  Ail  the  Systai  calculations  arc  done  in  double  precision,  an  automatic  feature  of 
rmsi  Sysiat  routines.  Iterative  Systat  programs  arc  assembled  by  a  HyperCard  program  and 
submitted  for  batch  execution  to  Systat  using  the  Macmmakcr  utility.  Macromaker  returns 
control  to  Hypercard,  which  then  composes  the  next  .set  of  Systat  programs,  and  so  on. 

Gcncralipq  of  random  numbers 

The  algorithm  used  by  Systat  for  the  generation  of  random  numbers  is  given  in  Wichman  & 
Hilt  ( 1982).  It  has  a  cycle  length  of  2.78  X  lO'^.  On  opcnmg  the  Systat  DATA  module, 
the  random  number  generator  always  starts  at  the  same  point  in  the  cycle.  It  is  possible  to 
provide  a  seed  number  between  1  and  30.0(10  that  can  be  enteied  to  make  the  generator  sian 
at  a  different  point.  This,  in  effect,  reduces  the  cycle  to  30.0(X).  supposing,  of  course,  that 
the  choice  of  the  seed  is  random.  For  this  reason,  a  batch  of  10.000  random  numbers  with 
tiie  required  prohabihiy  distribution  was  pnxluced  initially  in  a  single  session  m  the  DATA 
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tnodulc.  When,  say,  another  10,000  are  required,  the  Sysiat  DATA  module  will  be 
opened,  20,000  random  numbers  will  be  produced,  discarding  the  first  10,000. 

gcngraiiPtJ "''  random  samples 

As  mentioned  above,  a  set  of  10, (KH)  lognormally  distributed  random  numbers,  Xj,  was 
pnsluccd.  The  population  median  was  set  lo  v,  =  1  and  the  coefficient  of  variation  lo  cv^  = 
1.  The  first  step  in  generating  the  number?  was  to  generate  the  corresponding  normally 
distributed  numbers,  y\.  where  xj  =cxp[yi).  Normal  random  samples  were  simulated 
usmg  the  equation; 

Vi  =  tly  +  Oy     E, 

In  ihis  ecjuaiion.  r  is  the  error  term,  which  is  a  normally  distribuied  random  variate  wiih  a 

mean  of  0  and  a  v;iriance  of  1.  It  was  provided  by  the  Systai  random  nuiriber  generator.  It 
is  apparant  thai: 

fy  =  vy  =  inlvxJ  =  0. 

The  relationship  between  Wy  and  cv,  is  given  by  Ailchison  &  Brown  (1957): 

cv»-  =  exp|CTj-!-  1. 

Samples  of  sample  size  n  =  10  were  abstracted  from  the  set  thus  generated,  the  first  10 
numbers  becoming  the  first  sample,  the  next  10  becoming  the  second  sample,  etc. 

f-our  censonng  points  were  chosen  10  correspond  lo  the  20th,  AOth,  60th  and  80th 
IKTceniilcs  of  the  parent  population.  These  correspond  to  four  h>'pothetical  licicciion  limiis. 
Xi),  of  chemical  analysis.  They  arc  calculated  from  ihe  normal  distribution  as  follows: 

XD  =  CXpIlly  +  2[p]  Oy]    IpE  (.2..4,.6..8) 

Tabic  I.  Dcieciion  limiis,  xq,  corresponding  lo  the  20ih,  ■lOih,  60ih  and  80ih 
percentiles  of  a  lognormally  disiributcd  quantity  with  median  value  and  coefficent  of 
variation  bothequaJ  lo  1. 


Percentile 

XD 

20 
40 
60 

80 

a.4'>h 

(I.KIO 
1.2.1.1 
2.01."^ 

PTOline  Check 

Thcseiof  10.0(X)r:mdomnumbersgeneraied  were  tested  for  compliance  with  the  original 
population  pardmeters  thai  defined  it.  This  was  done  to  ensure  that  the  computer  prop^ms 
were  indeed  wriiien  and  executed  according  to  plan,  in  other  words.  !o  make  sure  that 
everything  was  done  right.  To  accomplish  this.  1,(K)0  samples  of  n  =  10  were  tested  in 
lum  by  a  Siudeni's  i  lest  in  Sysiat  module,  STATS,  against  the  true  hypothesis  that  p.^  =  0. 
Unlike  SAS.  or  SPSS,  which' deiemiine  the  probabilics  corresponding  to  i  by  interpolating 
from  a  table.  Sysiat  calculates  the  probability,  resulting  in  greater  accuracy.  The  algorithm 
for  this  calculation  is  decribed  in  Lund  &  Lund  (1983). 

The  rcsuiLs  of  Ihisclicck  are  shown  in  Table  2.  Ala  nominal  type  I  error  rale  of«  =  5%.  it 
IS  to  be  expected  that  the  t  test  will  fail  ?>%  of  the  iimc.  Tabic  2  shows  ihai  the  actual  type  1 
error  was  a  =  A})%.  which  is  well  within  the  99.9'^  conHdcnce  limiis  of  the  nominal  type  I 
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error  raic.    The  99.9%  confidence  interval  of  a  was  dciermined  from  ihe  following 
expression: 

a±z[.9995|(o(l-o)/m)<'5 

where  m  is  the  numbcroficsts.  in  this  case,  1. 000, 

Table  2.  Results  of  1 .000  t  icsis  performed  on  simulated  environmental  quality  data,  a 
is  the  nominal  type  I  error  rate  and  a  is  the  actual  type  I  error  rate. 


a 

a 

W.V'J  confidence  inierva]  ofo 

5*3: 

4.yf^ 

4,K  -  5.3% 

Simulation  Runs 

In  these  ntns,  simulated  samples  of  n  =  10  were  ordered  by  rank.  Then  ihey  were 
censored  at  one  of  the  four  points  listed  above  in  Table  I.  Normal  scores,  z,  were  then 
computed  for  each  of  ihe  remaining  sample  observations  by: 

z,  =  z|Rj/(n+l)], 

where  R]  is  the  rank  of  the  observation.  Regression  of  ln|x!  on  z  was  then  done  according 
to  the  model, 

Inlsl  =  my  +  Sy  z, 

to  obtain  estimates  of  the  popuiaiion  mean,  ny.  and  standard  deviadon,  Oy.  At  higher  levels 
of  censoring,  some  samples  had  lo  be  discartfed.  since  regression  could  noi  be  perfomicd  if 
less  than  two  sample  observations  remained  above  xq.  After  regression,  h>'pothesis  testing 
was  done,  choosing  as  the  null  hypothesis  that  the  sample  mean  is  equal  to  the  population 
mean.  Type  I  errors  were  counted,  and  at  the  end  of  each  run.  a.  the  actual  type  I  error  rate 
was  calculated. 

RESULTS 

To  date,  very  few  data  generating  runs  have  been  compleicd.  So  far  hypothesis  testing  has 
been  limited  lo  a  z  test,  A  confitlimcc  interval  for  the  appropriate  probability,  p,  is 
constructed  about  the  estimate  of  population  mean,  thus; 

my  ±  zip]  Sy  /  i/n  I  p  =  1  -  a  /  2 

A  type  I  error  is  indicated  if  the  true  population  mean,  uy,  falls  outside  the  confidence 

interval. 

Tabic  3.  Results  of  k  lesis  on  500  samples  of  sample  number  n  =  10,  performed  on 
simulated  environmenial  quality  data.  The  nominal  type  1  error  rate  is  a  =  5%.  a  is  the 
actual  type  I  error  rate,  m  is  the  number  of  z  tests  actually  perfonrKd. 


censorinp  level 

a 

m 

95%  confidence  intersal  of  n 

m 

4.H 

M)() 

4  0%  -  6,0%. 

20% 

6.2% 

500 

4.0%  -  6.0% 

40% 

12.8% 

499 

4,0%  -  6.0% 

60% 

26.7% 

475 

4.0%  -  6.0% 

80% 

50,5% 

^25 

3-K%  .  6.2% 

The  trend  seen  in  Table  3  is  of  course  what  would  be  expected.  The  power  of  the  z  test  lo 
distinguish  the  corrcct  hypothesis  decreases  with  the  level  of  censoring.  !i  can  be  si;en  that 
at  80%  censoring,  the  z  test  has  lost  all  discriminating  power.  It  is  basically  a  50:50  chance 
whether  or  not  it  picks  Ihe  correct  hyptdhcsis. 


301 


DISCUSSION 

More  preliminary  experimentiiiion  is  required  before  production  of  tables  ciin  begin.  Ii  will 
be  necessary  to  know,  for  example,  wheihcr  the  absolute  number  as  well  as  llic  proportion 
of  observations  above  detection  influences  ihe  actual  type  I  error  rate. 

The  ultimate  goai  of  This  work  is  to  generate  tables  so  that  one  could  perform  a  siandanl 
hypothesis  test  ai  a  given  nominal  type  I  error  rale  and  then  look  up  what  the  actual  type  I 
error  is,  Alternatively,  one  could  decide,  given  the  degree  of  censoring,  what  noitiinal  i_ype 
I  error  to  test  a  hypothesis  ai  in  order  lo  obtain  the  desired  actual  type  I  error  probabilily. 
Such  tables  would  be  of  great  use  to  practising  environmental  scientists. 

REFERENCES 

Aiichison.  J.  &  J.A.C.  Brown.   1957,  The  Lognnrmai  Distribution  with  special  reference 

to  its  uses  in  economics.  Cambridge  University  Press. 

Gilliom,  R.J.  &  D.R.  Hclsc!.  1986.  Estimation  of  distributional  parameters  for  censored 
trace  level  water  quality  data.  I.  Esiimation  techniques.  Water  Resources  Research, 
22(2):   135-146. 

Ilelsel,  D.R.  &  R.J.  Gilliom.  1986.  Estimation  of  distributional  parameters  for  censored 
truce  level  water  quality  data,    2,    Verification  and  applications.    Water  Resources 

Research,  22(2)    147-155. 

Lund.  R.E.  &  J.R.  Lund.  1983,  Probabilities  and  upper  quantiles  for  the  studeniized 
range.  Algwidim  AS  190.  Applied  Statistics.  312     204-210, 

Wichman.  B.A.  &  I.D.  Hill.  1982.  An  cfficienl  and  ponable  pseudo- random  number 
generator.  A]gf3ntiim  AS  ISZ.  Applied  Siaiisiics.  3 1 1:    188-190, 


302 


DP12 


AUTOWTION  OF  SOLID  SUPPORTED  REACTIOHS  iX  ROBOTICS: 

J.H-  Rosenfeld'  and  E.  Pevolinas'. 

1.  Department   of  pathology  and  2.  Department  of  Engineering 
Physics.  McMaster  University.   Hamilton  Ont .  L8K-3Z5 

Automation  is  a  necessary  development  for  environmental 
laboratories  which  more  than  any  other  organization  are  required 
to  analyze  numerous  samples  and  under  time  pressure.  These 
determinations  are  frequently  made  more  complex  by  the  need  to 
both  extract  and  derivatize  the  required  analytes.  The  current 
methods  are  based  on  manual  sample  preparation  including 
isolation  and  derivatization.  Solid  supported  processes  have 
been  suggested  as  an  approach  to  simplify  the  isolation  phase  of 
sample  preparation  of  analytical  methods.  We  have  investigated 
solid  supported  reactions  as  a  means  to  develop  a  sample 
preparation  technique  that  is  based  totally  on  solid  phase 
processes.  Such  processes,  we  believe  are  more  readily  amenable 
to  automation.  We  selected  robotics  as  the  approach  to 
automation  because  of  the  flexibility  inherent  in  this  technique. 
We  considered  such  flexibility  important  because  of  the  diverse 
and  extensive  problems  encountered  in  most  analytical 
laboratories.  We  have  developed  a  prototype  robotic  system  for 
incorporating  such  reactions  into  automated  methods  of  analysis. 

The  system  consists  of  a  CRS  plus  lightweight  robot 
(Burlington  Ont.)  and  a  peripheral  work  station.  The  peripheral 
has  the  performs  the  following  functions.  Solvents  and  buffer  in 
1-10  mL  volumes  are  added  to  the  reaction  vessel  via  a  nozzle  fed 
by  pumps.  The  nozzle  is  directed  to  the  vessel  by  the  robotic 
arm.  Reagents  are  added  Try  rreans  of  a  solenoid  activated 
syringe.  Reaction  mixtures  consisting  of  a  solid  adsorbent  and 
cfltalyst  are  stirred  and  heated  at  any  one  of  20  locations 
located  above  on  35  position  multi  point  stirrer.  The  reaction 
mixture  is  liquid  is  removed  from  th^  solid/aqueous  mixture  by 
aspiration  or  by  filtration  of  the  liquid  phases.  The  robotic 
arv  moves  th-i  aspirating  tube  and  the  sample  to  the 
eluting/concentrat ion  positions  that  are  on  the  reir.aining  15 
positions  in  the  multipoint  stirrer.  The  derivatized  analyte  is 
eluted  from  the  filtrate  is  finally  concentrate  to  residue  at 
these-  positions.  All  processes  of  the  peripheral  and 
T-anipulations  of  the  arm  are  controlled  by  an  XT  clone. 

The  system  was  tested  for  thu  pentaf luorobenzylat ion  of 
pentachlorophenol  with  XAD-2  supported  reaction  as  the  model. 
P-iplicates  of  6  analyses  werrs  carried  out  and  with  a  relative 
standard  deviation  of  15%.  Similar  d=rivatization5  performed 
manually  had  relative  standard  deviations  of  less  than  10%.  Both 
■jiave  comparable  yield.  It  is  as  yet  unclear  if  ths  larger 
■^fandaid  devi=ition  is  n  functi-Ti  of  'he  rearti-in  oi  of  the 
..vaporation  method. 
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